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(54) Allosteric effectors at muscarinic receptors 

(57) The present invention provides compounds which have an allosteric effect at muscarinic receptors. This 
novel effect permits the prophylaxis and treatment of conditions associated with muscarinic receptor 
dysfunction, such as Alzheimer's disease. Preferred compounds include certain strychnine and bructne 
derivatives, indole derivatives and pentacyclic tetrahydrocarbazoles. 
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Figure 0 



rpPFPT OF N-ClCH ,-RRT!rTNE ON ECETYLCHQLINE- 
~~ STIMULATED L 35 glSI£g§ BTNDTNG AT m> 




LOG [ACETYLCHOLINE) 
CONTROL . LOG(ECso) = -5.49 ± 0.05 

N-C1CH 2 -BRUCINE LOG(EC 50 ) = -5.95 ± 0.04 
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Figure 2 



Inhibition of 3 H-NMS dissociation rate constant 
(Ron- min 1 ) by strychnine 
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Figure 3 



Dissociation of 3 H-NMS from m4 in the 
presence of various concentrations of Strychnine 
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Figure 4 

Single-point off-rate screen of Strychnine 
at ml~m4 measured at 1# 2 and 4 half lives 
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2292685 

ALLOSTERIC EFFECTORS AT MUSCARINIC RECEPTORS 

The present invention relates to compounds useful as 
allosteric effectors at muscarinic receptors, uses of 
such compounds and synthesis of such compounds. 

Acetylcholine is known to be associated with memory, 
and it is also known that there are decreased levels of 
acetylcholine in the brain in sufferers of Alzheimer's 
Disease. 

In an attempt to provide a cure or treatment for 
Alzheimer's Disease, various groups have endeavoured to 
alleviate the cholinergic deficit in vivo . This has 
been done, for example, by using cholinesterase 
inhibitors (to reduce the rate of acetylcholine 
breakdown) or by using alternative agonists to serve as 
a supplement to acetylcholine. 

Neither course of action has proved successful, as 
the effect of each is generalised, so that acetylcholine 
throughout the body and at all receptors is prevented 
from breaking down, or supplemented (or both) , without 
specifically targetting those receptors involved in 
Alzheimer's disease. Enhancing the effect of 
acetylcholine at some receptors can cause depression, 
for example, so that these courses of action are not 
being pursued. 

More specifically, acetylcholine acts at receptors 
which fall into two classes; muscarinic and nicotinic. 
It is believed that the muscarinic receptors are 
involved in Alzheimer's disease. 

The muscarinic receptors belong to the family of 
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G-protein coupling receptors, and have been classified 
into three subtypes on the basis of their pharmacological 
properties and into five subtypes from their molecular 
structures. The nomenclature of muscarinic receptor 
subtypes has been confused, and, at the Fourth 
International Symposium on Muscarinic Receptors, it was 
recommended that subtypes based on the antagonist 
binding properties be referred to as M r M^ M 3 
and M 4 and that those based on molecular structure be 
called ml-m5 (see below) . This nomenclature is used 
hereinafter. 

Muscarinic receptor nomenclature 



Pharmacological 
characterization 

Subtype Mi M 2 M 3 M4 

Selective pzpine AF-DX 116, p-fluoro- tropicamide 

antagonists (+)-tzpne himbacine, hexahydrosila- 

m/tramine, difenidol, 

gallamine* hexahydros i la - 



difenidol 



Molecular 
characterization 



Sequences 



ml m2 m3 m4 mS 



Numbers of 

amino acids 460 466 589/590 478/479 531/532 

pzpine = pirenzepine; tzpne = telenzepine; 
m/tramine = methoctramine; * not competitive; 

Recently, it has been possible to use cells 
expressing ml-m5 receptors. These cells are pure 
preparations of each receptor subtype and are very 
useful for characterizing each subtype and screening for 
subtype specific agents. However, there are few reports 
which examine agonist and antagonist binding to ml-m5 
receptors and their relationship to M 1 -M 3 receptors 
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[Akiba al- , FEBS Lett. 221, 257 (1988); Buckley et 
al., Molec. Pharmacol. 3£, 469 (1989)]. 

Studies have been performed on muscarinic receptors 
in the heart (M2) using the antagonist N-methyl- 
scopolamine (NMS) , and these have established that the 
binding of this antagonist can be affected by other 
agents, but that these agents do not necessarily act at 
the NMS binding site. Such action at a different 
binding site is known as allosteric action, or 
allosterism. Tucek ej£ al- (J- Neurochem. (1993), £1, 
Suppl., S19] have shown that the neuromuscular blocking 
drug alcuronium allosterically increases the affinity of 
M2 muscarinic receptors in the heart for NMS. 

It was reported by Riker and Wescoe in 1951 that 
gallamine had a negative action on heart receptors [Ann. 
N. Y. Acad. Sci., 51, 373-94 (1951)]. It was 
subsequently established that gallamine was not a 
competitive antagonist for acetylcholine. 

Waelbroeck e£ al. (J. Recep. Res., 8, 787-808 
(1988)] reported that curare acts allosterically against 
muscarinic receptors in the heart, but the allosteric 
enhancement of 3 -H-oxotremorine-M binding cannot be 
repeated. 

Batrachotoxin has also been reported to have 
negative an allosteric effect on binding. 

Birdsall £1 al- [Pierre Fabre Monograph Series, I, 
New Concepts in Alzheimer's Disease, Ed's Briley, M. , e£ 
al., Macmillan Press, Chapter 9, 103-121] speculate that 
"the muscarinic receptor sub-types exhibit a selectivity 
in their binding profile for allosteric agents, and it 
may hence be possible to selectively 'tune up' 
muscarinic responses". In this respect, the authors 
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were referring to the difference between the receptors 
found in the CNS and those in other parts of the body. 

Although not disclosed as allosteric effectors, 
EP-A-0 171 217 and EP-A-0 415 776 both disclose 
compounds having a similar structure to those compounds 
of formula (II) herein. 

In fact, we have now found that certain compounds 
are capable of selective activity not only between broad 
ranges of sub- types, but actually possess different 
effects even between ml and m3 receptors, for example. 
Further, we have identified compounds which have a 
positive allosteric effect on acetylcholine, including 
at the ml receptor. 

Thus, the present invention provides, in a first 
aspect, a method of regulating receptor response in vivo 
in a mammalian subject, said receptor being selected 
from ml, m2, m3, m4, m5, Ml, M2, M3, M4 and MS 
muscarinic receptors, comprising the step of 
administering to said subject an effective amount of a 
selective allosteric effector to regulate said receptor. 

In the above method, the preferred receptors for 
regulation are the ml, m2, m3 and m4 receptors, 
especially the ml receptor. We prefer that that said 
effector exhibits positive cooperativity with 
acetylcholine at said receptor, especially at the ml 
recptor. 

In an alternative aspect, the present invention 
provides the use of a compound of formula (I) : 
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(I) 



[wherein the dashed lines independently indicate the 
presence or absence of a carbon- carbon bond; 

R 1 and R 2 are the same or different and, where the 
dashed line indicates a carbon- carbon bond, may each 
represent a hydrogen atom, a hydroxy group, a lower 
alkoxy group, an amino group, an amino group substituted 
with one or two lower alkyl groups, a nitroso group, a 
nitro group, a carboxyl group, a carbamoyl group or a 
carbamoyl group substituted with one or two lower alkyl 
groups, 

or, where the dashed line indicates no bond, then 
one of R 1 and R 2 represents a keto group and the 
other represents a keto group or two hydrogen atoms; 

R 3 represents a hydrogen atom, a hydroxy group or a 
lower alkoxy group ; 

R 4 represents a hydrogen atom or an amino-protecting 
group, such as a lower carboxyl ic acyl group; 

R 5 represents a hydrogen atom or a lower carboxyl ic 
acyl group; 

R° represents a hydrogen atom; 

R 7 represents a hydrogen atom or, together with R, 
represents a lower alkylene group; 
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or 



R, together with R , represents a lower alkylene group 
substituted with a hydroxy- loweralkenyl group; 



R, together with R and R , represents a group of 
formula: \ 



in which R represents a hydroxyimino group or two 
hydrogen atoms, and R' represents a carboxy- 
protecting group; 



R, together with R , R^ and R , represents a group 
of formula (i) : \ 



R* 

fl 10 
in which R is as defined above and R 

represents a keto group or two hydrogen atoms; 

R 9 represents a hydroxy group, an amino group, an 
amino group substituted with one or two lower alkyl 
groups, an aryl-carboxylic acyl group optionally 
substituted with one or more substituents selected from 
Substituents (a) below, or an alkyl group, an alkenyi 



or 




or 
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group or alkynyl group which is straight or branched and 
which is optionally substituted with a 9ubstituent 
selected from: 

sulfonyl groups, carboxyl groups, cyano groups, 
cycloalkyl groups, heteroaryl groups having from 5 
to 10 ring atoms, 1 to 3 of which are selected from 
0, S and N, aryl and biaryl groups having from l to 
13 carbon atoms and which may be further substituted 
with one or more substituents selected from 
Substituents (a) below; 

n=0 or 1; 

Substituents (a) : halo, hydroxy, amino, nitro, azido 
and cyano groups; 

or, 

when the compound of formula (I) is a Wieland-Gumlich 
aldehyde (in which R 4 represents a hydrogen atom and 
R 5 represents a CHO group) , a dimer thereof wherein 
the substituent R 4 from each monomer forms, together 
with the substituent R 5 from the other monomer, a 
methenylene link; 

and phannaceutically acceptable salts and esters thereof] 
in therapy. 

It will be appreciated that,, where the compounds of 
formula (I) contain a quaternary amine group, then the 
compound may be balanced by any suitable cation. 
Non- exhaustive examples of such cations are: the 
halides; such as chloride, bromide and iodide; mesylate; 
and triflate, although other suitable cations will be 
readily apparent to those skilled in the art. 



8 



When the compound of formula (I) forms a wieland- 
Gumlich aldehyde, then it is preferred that R is a 
hydrogen atom. It is further preferred that the group 
represented by R 6 and R is an ethylene group and that 
the hydroxy- loweralkenyl group is 2 -hydroxy- l-ethenyl 
spaced apart from R 5 by two carbon atoms. 

4 5 _6 

Compounds of formula (I) wherein R , R , R 
and R represent a group of the formula (i) are 
preferred, especially where R 8 represents two hydrogen 
atoms and R 10 represents a keto group. 

The dashed lines preferably both represent carbon - 
carbon bonds. 

In compounds of formula (I), we prefer lower alkyl, 
lower alkenyl, lower alkoxy, lower alkylene and lower 
alkenylene to have from 1 to 4 carbon atoms, preferably 
from 1 to 3 carbon atoms. Particularly preferred alkyl 
groups are ethyl and methyl, especially methyl. The 
particularly preferred meaning for alkoxy is methoxy. 

Where an alkyl, akenyl or alkynyl group is not 
specified as being "lower", then we prefer that it 
should have from l to 10 carbon atoms, preferably from 1 
to 6 carbon atoms. 

R 2 is preferably lower- alkoxy, hydrogen or 
hydroxy. When R 2 is lower- alkoxy, then we prefer that 
it should be methoxy. 



While there are no especially preferred groups for 
R 1 , the groups specified above for R are ^ 
particularly useful, especially where both R and R 
are the same and are both hydrogen or methoxy. 

The present invention also provides the use of 
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compounds of formula (II): 




(») 



(wherein the dashed lines optionally represent an 
additional carbon -carbon bond, provided that both do not 
represent additional carbon -carbon bonds; 



,11 



12 13 

R and R are the same or different and 



each represents a hydrogen atom, a hydroxy group, a 
carbamoyl group, a carbamoyl group substituted with one 
or two lower alkyl groups, a lower -alkoxy group, an 
aralkoxy group in which the aryl part has from 6 to 10 
carbon atoms and the alkyl is a lower alkyl or an 
aryloxy group in which the aryl group has from 6. .to 10 
carbon atoms; 



,14 



represents a carboxy group, a carbamoyl group, a 



carbamoyl group substituted with one or two lower alkyl 
14 

groups, or R represents a group of formula 

-NR 16 R 17 wherein R 16 and R 17 are the same or 

different and each represents a hydrogen atom, a 

hydroxyalkyl group, a lower alkyl group optionally 

substituted by one or more substituents (a) as defined 

above, a carboxy- 1 owe ralkyl group, or R 16 and R 17 

together represent an akylene group having from 3 to 6 

carbon atoms and which may be substituted by 

substituents (a) as defined above, or one of R 1 ^ and 
17 

R represents a hydrogen atom and the other 
represents an imino-loweralkyl group, a lower-alkoxy 
group, an aralkoxy group in which the aryl part has from 
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6 to 10 carbon atoms and the alkyl part is a lower 
alkyl, an aryloxy group in which the aryl group has from 
6 to 10 carbon atoms, the above aryl parts being 
optionally substituted with one or more substituents 
selected from substituents (a) as defined above, 

R 15 represents a hydrogen atom, a lower alkyl group, 
an aryl group having from 6 to 10 carbon atoms, or an 
aralkyl group in which the aryl part has from 6 to 10 
carbon atoms and. the alkyl part is a lower alkyl; 

and salts and esters thereof, including thioesters] 
in therapy. 

In the compounds of formula (II), m is preferably 2, 
3 or 4, and is particularly preferably 3. 

r 15 is preferably a hydrogen atom. 

in general, we prefer that R 11 represents either a 
hydrogen atom or a hydroxy group. 

r 12 and R 13 preferably both represent hydrogen 
atoms. Alternatively, we prefer that one of R and 
r 13 represents a hydroxy or a methoxy group and chat 
the other represents a hydrogen atom or a hydroxy or 
methoxy group respectively. 

14 

The nature of the substituent at R is not 
important, provided that it is pharmaceutically 
acceptable and is suitable to derivatize the amino or 
carbonyl group, as appropriate. 

The present invention also provides the use of 
compounds of formula (III): 



BNSDOC1Q <GB 229268S»_I_> 



11 




[wherein p+q=2, 3, or 4 or C g -N-R is only attached 
to the remainder of the molecule by C g and p»0; 

rings containing dashed lines are saturated, partially 
unsaturated or completely unsaturated; 

R 18 represents a hydrogen atom, a lower -alkoxycarbonyl 
group or an aralkoxy group in which the aryl part has 
from 6 to 10 carbon atoms and the alkyl part is a lower 
alkyl and the aryl part is optionally substituted with 
one or more subs tituents selected from substituents (a) 
as defined above; 

R 19 and R 20 are the same or different and each 
represents a hydrogen atom, a lower alkoxy group or a 
hydroxy group; 

A represents =CH- , -CH 2 ~, -0- or -NH-; 
and salts and esters thereof] 



in therapy. 

In the compounds of formula (III), we prefer that 
p+q=*3 . 

The preferred meanings for R 19 and R 20 are as 
for R 1 and R 2 and R 12 and R 13 above. 
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In general, we prefer that A represents =CH- or 




The present invention further provides the use of 
compounds of formula (IV) : 



[wherein the dashed ring indicates unsaturation, 
saturation, or partial unsaturation, and the dashed line 
represents an optional extra carbon- carbon bond; 

R 18a , R 19a and R 20a have the same meanings as for 
R 18 , R 19 and R 20 above, respectively; 

r 21 represents a hydrogen atom or a group of formula 

-C(0) -A'-CH^-Z in which r=0 or 1, A' is -CH--, 
r * 

-0- or -NH- and 2 is a vinyl or ethynyl group; 
and salts and esters thereof] 
in therapy. 

Preferred meanings for each of the substituents is 
generally as for the compounds of formula (III) . 

In the substituents R 21 , we prefer that r-1. 



Formula (IV) 




The present invention also provides the use of 
compounds defined above in the manufacture of a 
medicament for the treatment of a condition responsive 
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co allosteric stimulation of muscarinic receptors. 

It will be appreciated that the present invention 
also provides those compounds defined above which are 
novel . 



The preferred muscarinic receptors are those classed 
as ml • mS f . especially ml - m4, and those classed as Ml 
- M4, The most rpef erred receptor is the ml receptor. 
Unless otherwise specified, these classifications are 
used interchangeably herein, except with regard to the 
central nervous system (CNS) wherein reference will 
normally be had to the ml - m4 receptors. 

Moreover, the preferred therapy is against dementia, 
particularly senile dementia and especially Alzheimer's" 
Disease, which we believe to be particularly associated 
with the ml receptor in the brain. Thus, we also prefer 
the condition responsive to allosteric stimulation of a 
muscarinic receptor to be Alzheimer's Disease. 

Alternatively, we prefer to use the compounds of the 
present invention as sedatives for the CNS. 

In the compounds of the present invention, where 
R 1 . R 2 , R 3 , R 16 , R 17 , R 19 or R 20 

represents a lower alkoxy group, this may be a straight 
or branched chain alkoxy group having from 1 to 4, 
preferably from 1 to 3, carbon atoms, and examples 
include the methoxy, ethoxy, propoxy, isopropoxy, 
butoxy, isobutoxy, sec-butoxy and t-butoxy groups, of 
which the most preferred are the methoxy and ethoxy 
groups . 

12 9 

Where R , R or R represents an amino group 
substituted with one or two lower alkyl groups, the 
alkyl groups may be straight or branched chain alkyl 
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groups having from 1 to 4, preferably from 1 to 3, 
carbon atoms, and examples include the methyl, ethyl, 
propyl, isopropyl, butyl, isobutyl, sec -butyl and 
t- butyl groups, "of which the most preferred are the 
methyl and ethyl groups. Specific examples of such 
alkylamino groups include the methylamino, ethylamino, 
propylamino, isopropylamino, butylamino, isobutylamino, 
sec - butylamino , t -butylamino , dime thylamino , N- methyl - 
H-ethylamino, JJ-methyl-N-propylamino, N-methyl-N- 
isopropylamino, N-methyl-£i-butylamino, N-methyl-N- 
isobutylamino, H-methyl -N- sec -butylamino, N-methyl- 
N-t-butylamino, E- ethyl - N - propylamino , H- ethyl -H- 
isopropylamino, H* ethyl -N- butylamino, N- ethyl -N- iso- 
butylamino, N- ethyl -N- sec -butylamino, K- ethyl -JJ-t- butyl- 
amino, diethylamino, dipropylamino and dibutylamino 
groups . 

Where R 1 , R 2 or R 14 represents a carbamoyl 
group substituted with one or two lower alkyl groups, 
the alkyl groups may be as defined and exemplified above 
in relation to the alkylamino groups. Specific examples 
of such alkyl carbamoyl groups include the methyl - 
carbamoyl, ethylcarbamoyl , propyl carbamoyl, isopropyl - 
carbamoyl, butylcarbamoyl , isobutylcarbamoyl , sec- butyl - 
carbamoyl, t -butyl carbamoyl , dimethyl carbamoyl , N-methyl- 

ethylcarbamoyl, H-methyl -N- propyl carbamoyl , jJ-methyl- 
H-isopropylcarbamoyl , g-methyl-N-butylcarbamoyl , 
N-methyl-N- isobutylcarbamoyl , N-methyl -N- sec -butyl - 
carbamoyl, H-methyl-N- 1 -butylcarbamoyl K-ethyl-H- 
propyl carbamoyl , N- ethyl -N- isopropyl carbamoyl , 
N - ethyl - H - butyl carbamoyl , H- ethyl -H" isobutylcarbamoyl , 
N- ethyl -E- sec -butylcarbamoyl , JJ- ethyl -H- t - butyl - 
carbamoyl, diethylcarbamoyl , dipropyl carbamoyl and 
dibutyl carbamoyl groups. 

Where R 4 represents an amino- protecting group, 
there is no particular restriction on the nature of this 
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group and any such group commonly used for the 
protection of amino groups in this type of compound may 
equally be used here. Examples of suitable protecting 
groups include acyl groups, such as the lower aliphatic 
acyl or aromatic acyl groups, for example: aliphatic 
lower acyl groups such as the formyl, acetyl, propionyl, 
butyryl, isobutyryl, valeryl, isovaleryl and pivaloyl 
groups; and aromatic acyl groups, such as the benzoyl, 
4-acetoxybenzoyl, 4-methoxybenzoyl, 4-methylbenzoyl and 

1- naphthoyl groups. Of these, we prefer the acetyl, 
benzoyl and isobutyryl groups. Other protecting groups 
include alkyl groups, which may be straight or branched 
chain groups having from 1 to 6 carbon atoms, of which 
examples include the methyl, ethyl, propyl, isopropyl, 
butyl, isobutyl, sec -butyl, t- butyl, pentyl, isopentyl, . 
neopentyl, 2 -methylbutyl . l-ethylpropyl, 4 -methylpentyl , 
3 -methylpentyl, 2 -methylpentyl , l -methylpentyl, 

3, 3-dimethylbutyl, 2,2-dimethylbutyl, 1, 1-dimethylbutyl, 
1,2-dimethylbutyl. 1, 3-dimethylbutyl, 2, 3-dimethylbutyl, 

2- ethylbutyl, hexyl and isohexyl groups; of these, we 
prefer those alkyl groups having from 1 to 4 carbon 
atoms, preferably the methyl, ethyl, propyl, isopropyl, 
butyl and isobutyl groups, and most preferably the 
methyl group. Further amino -protecting groups include 
the aralkyl groups, in which the alkyl part has from 1 
to 3 carbon atoms and the aryl part is a carbocyclic 
aromatic group having from 6 to 14, more preferably from 
6 to 10, and most preferably 6 or 10, carbon atoms, 
which may be substituted or unsubstituted and, if 
substituted, has at least one of substituents a 
defined and exemplified above, although the 
unsubstituted groups are preferred; examples of such 
aralkyl groups include the benzyl, phenethyl, 
l-phenylethyl, 3-phenylpropyl, 2-phenylpropyl , 

1 - naphthy lmethyl , 2 - naphthy lmethyl , 2 - ( 1 - naphthyl ) - 
ethyl, 2- (2 -naphthyl) ethyl, benzhydryl (i.e. 
dipheny lmethyl ) , tripheny lmethyl, bis(o.-nitro- 
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phenyl ) methyl , 9 • anthrylmethyl , 2 , 4 , 6 - trimethylbenzyl , 
4 - bromobenzy 1 , 2 - ni t r obenzy 1 , 4 - ni t robenzy 1 , 
3-nitrobenzyl, 4 -methoxybenzyl and piperonyl groups. 

Substituents * include: 

alkyl groups, such as those exemplified above, 
especially the methyl group; 

alkoxy groups, such as those exemplified above, 
especially the rnethoxy group; 

halogen atoms, such as the fluorine, chlorine, 
bromi. * and iodine atoms, especially the fluorine 
and chlorine atoms; 

nitro, cyano, carboxyl, and hydroxy groups; and 

alkylenedioxy groups having from 1 to 3 carbon 
atoms, such as the methylenedioxy, ethylenedioxy 
.and propyl enedioxy groups. 

Where R 5 represents a lower carboxylic acyl group, 
this is preferably a lower aliphatic carboxylic acyl 
group, and more preferably an alkanoyl or alkenoyl group 
(most preferably alkanoyl) > for example a formyl, 
acetyl, propionyl, butyryl, isobutyryl, valeryl, 
isovaleryl, pivaloyl, acryloyl, methacryloyl or 
propioloyl group, of which the acetyl, propionyl and 
pivaloyl groups are preferred. 

Where R 7 and R together represent a lower alkylene 
group, this may be a straight or branched chain alkylene 
group having from 1 to 3 or from 1 to 4 carbon atoms. 
Examples of such groups include the methylene, ethylene, 
ethylidene, trimethylene, propylene, propyl idene, 
isopropylidene, tetramethylene , butylidene, 1- methyl - 
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ethylene, 2 -methylethylene, l-methyltrimethylene, 

2- methyltrimethylene and 3- methyl trimethylene groups, of 
which the methylene and ethylene groups are preferred. 

Where R 6 and R together represent a lower alkylene 
group substituted with a lower hydroxyalkenyl group, the 
alkylene part may be any one of the alkylene groups 
defined and exemplified above. Examples of hydroxy - 
alkenyl groups include the 1- and 2- hydroxyvinyl, 

3- hydroxyallyl, 3-hydroxymethallyl, 1-, 2-, 3- and 4- 
hydroxybut-2-enyl, 1- and 2-, 3- and 4- hydroxybut - 3 - 
enyl groups, of which the 2 • hydroxyvinyl and 
3-hydroxymethallyl groups are preferred. 

Where R' represents a protected carboxy group, there 
is no particular restriction on the nature of the 
carboxy- protecting group used, and any 

carboxy-protecting group known in the art may equally be 
used in this reaction. Non- limiting examples of such 
groups include: 

alkyl groups having from 1 to 25 carbon atoms, more 
preferably from 1 to 6 carbon atoms, such as the 
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
sec-butyl, t-butyl, pentyl, isopentyl, neopentyl, 

2- methylbutyl, l-ethylpropyl , 4-methylpentyl, 

3- methylpentyl, 2-methylpentyl, l-methylpentyl , 
3,3-dimethylbutyl, 2, 2-dimethylbutyl, 1, 1- dime thy 1- 
butyl, 1, 2-dimethylbutyl, 1,3-dimethylbutyl, 
2,3-dimethylbutyl, 2-ethylbutyl, hexyl, isohexyl, 
heptyl, octyl, nonyl, decyl, dodecyl, tridecyl, 
pentadecyl, octadecyl, nonadecyl, icosyl, henicosyl, 
docosyl, tricosyl, tetracosyl and pentacosyl groups, 
but most preferably the methyl, ethyl and t-butyl 
groups ; 

cycloalkyl groups having from 3 to 7 carbon atoms, 
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for example the cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl and cycloheptyl groups; 

aralkyl groups, in which che alkyl part has from 1 
to 3 carbon atoms and the aryl part is a carbocyclic 
aromatic group having from 6 to 14 carbon atoms, 
which may be substituted or unsubstituted and, if 
substituted, has at least one of substituents 3 
defined and exemplified above, although the 
unsubstituted groups are preferred; examples of such 
aralkyl groups include the benzyl, phenethyl, 
1 - phenyl ethyl , 3 - phenylpropyl , 2 - phenylpropyl , 
1 - naphthy lme thyl , 2 - naphthylmethyl , 2 - ( 1 - naphthyl ) - 
ethyl , 2 - ( 2 - naphthyl ) ethyl , benzhydryl (i.e. 
diphenylmethyl ) , triphenylmethyl , bis(£-nitro- 
phenyl ) methyl , 9-anthrylmethyl, 2,4, 6-trimethyl- 
benzyl, 4-bromobenzyl, 2-nitrobenzyl> 4-nitrobenzyl , 
3-nitrobenzyl, 4-methoxybenzyl and piperonyl groups; 

allcenyl groups having from 2 to 6 carbon atoms, such 
as the the vinyl, allyl, 2-methylallyl, 1-propenyl, 
isopropenyl, 1-butenyl, 2-butenyl, 3-butenyl, 
l-pentenyl, 2-pentenyl, 3-pentenyl, 4-pentenyl f 

1- hexenyl, 2-hexenyl, 3-hexenyl, 4-hexenyl and 
5-hexenyl groups, of which the vinyl, allyl, 

2- methylallyl, 1-propenyl, isopropenyl and butenyl 
groups are preferred, the allyl and 2-methylallyl 
groups being most preferred. 

halogenated alkyl groups having from 1 to 6, 
preferably from 1 to 4, carbon atoms, in which the 
alkyl part is as defined and exemplified in relation 
to the alkyl groups above, and the halogen atom is 
chlorine, fluorine, bromine or iodine, such as the 
2,2,2-trichloroethyl, 2-haloethyl (e.g. 2-chloro- 
ethyl, 2-fluoroethyl, 2-bromoethyl or 2 - iodoethyl ) , 
2,2-dibromoethyl and 2 , 2 , 2 - tribromoethyl groups; 
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substituted silylalkyl groups, in which the alky 1 
part is as defined and exemplified above, and the 
silyl group has up to 3 substituents selected from 
alkyl groups having from 1 to 6 carbon atoms and 
phenyl groups which are unsubstituted or have at 
least one substituent selected from substituents a 
defined and exemplified above, for example a 
2-trimethylsilylethyl group; 

phenyl groups, in which the phenyl group is 
unsubstituted or substituted, preferably with at 
least one alkyl group having from 1 to 4 carbon 
atoms or acylamino group, for example the phenyl, 
tolyl and benzamidophenyl groups; < 

phenacyl groups, which may be unsubstituted or have" 
at least one of substituents a defined and 
exemplified above, for example the phenacyl group 
itself or the E-bromophenacyl group; 

cyclic and acyclic terpenyl groups, for example the 
geranyl, neryl, linalyl, phytyl, menthyl (especially 
m- and e- menthyl), thujyl, caryl, pinanyl, bornyl, 
norcaryl, norpinanyl, norbornyl, menthenyl, 
camphenyl and norbornenyl groups; 

alkoxymethyl groups, in which the alkoxy part has 
from 1 to 6, preferably from l to 4, carbon atoms 
and may itself be substituted by a single 
unsubstituted alkoxy group, such as the methoxy- 
methyl, ethoxymethyl , propoxymethyl , isopropoxy- 
methyl, butoxymethyl and methoxyethoxymethyl groups; 

aliphatic acyloxyalkyl groups, in which the acyl 
group is preferably an alkanoyl group and is more 
preferably an alkanoyl group having from 2 to 6 
carbon atoms, and the alkyl part has from 1 to 6, 
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and preferably from l to 4, carbon atoms such as the 
acetoxymethyl, propionyloxymethyl , butyryloxymethyl , 
isobutyryloxymethyl, pivaloyloxymethyl, l-pivaloyl- 
oxyethyl, l-acetoxy ethyl , l-isobutyryloxyethyl, 

1- pivaloyloxypropyl, 2 -methyl - l -pivaloyloxypropyl , 

2 - pivaloyloxypropyl , l- isobutyryloxyethyl , 

1- isobutyryloxypropyl, l-acetoxypropyl, l-acetoxy- 

2- methylpropyl, 1-propionyloxyethyl, l-propionyl- 
oxypropyl, 2-acetoxypropyl and l-butyryloxyethyl 
groups ; 

cycloalkyl- substituted aliphatic acyloxyalkyl 
groups, in which the acyl group is preferably an 
alkanoyl group and is more preferably an allcanoyl 
group having from 2 to 6 carbon atoms, the 
cycloalkyl substituent has from 3 to 7 carbon atoms, 
and the alkyl part has from l to 6, preferably from 
l to 4. carbon atoms, such as the (cyclohexyl- 
acetoxy ) methyl , 1 • ( cyclohexylacetoxy ) ethyl , 
l- (cyclohexylacetoxy) propyl. 2 -methyl -1- (cyclohexyl- 
acetoxy) propyl, (cyclopentylacetoxy) methyl, 
l- (cyclopentylacetoxy) ethyl. 1- (cyclopentylacetoxy) - 
propyl and 2 -methyl -1- (cyclopentylacetoxy) propyl, 
groups ; 

alkoxycarbonyloxyalkyl groups, especially 
1- (alkoxycarbonyloxy) ethyl groups, in which the 
alkoxy part has from 1 to 10, preferably from l to 
6, and more preferably from l to 4, carbon atoms, 
and the alkyl part has from 1 to 6. preferably from 
1 to 4, carbon atoms, such as the i-methoxycarbonyl- 
oxyethyl, l-ethoxycarbonyloxyethyl, l-propoxy- 
carbony loxyethyl , l - isopropoxycarbonyloxyethy 1 . 
l-butoxycarbonyloxyethyl , i-isobutoxycarbonyl- 
oxyethyl, i-sec-butoxycarbonyloxyethyl, l-t-butoxy- 
carbonyloxyethyl, 1- (i- echylpropoxycarbonyloxy) echyl 
and i- (i,i- dipropylbutoxycarbonyloxy) ethyl groups, 
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and other alkoxycarbonylalkyl groups, in which both 
the alkoxy and alkyl groups have from l to 6, 
preferably from 1 to 4, carbon atoms, such as the 
2 -methyl - 1 - ( isopropoxycarbonyloxy ) propyl # 
2 - ( isopropoxycarbonyloxy) propyl , isopropoxycarbonyl - 
oxymethyl, t-butoxycarbonyloxymethyl, methoxy- 
carbonyloxymethyl and ethoxycarbonyloxymethyl groups; 

cycloalkylcarbonyloxyalkyl and cycloalkyloxy- 
carbonyloxyalkyl groups, in which the cycloalkyl 
group has from 3 to 10, preferably from 3 to 7, 
carbon atoms, is mono- or poly- cyclic and is 
optionally substituted by at least one (and 
preferably only one) alkyl group having from 1 to 4 
carbon atoms (e.g. selected from those alkyl groups 
exemplified above) and the alkyl part has from 1 to 
6, more preferably from 1 to 4, carbon atoms (e.g. 
selected from those alkyl groups exemplified above) 
and is most preferably methyl, ethyl or propyl, for 
example the 1- me thylcyclohexylcarbonyl oxymethyl, 
1 -methyl cyclohexyloxycarbonyloxymethyl , cyclopentyl - 
oxycarbonyloxymethyl , cyclopentylcarbonyloxymethyl , 
l-cyclohexyloxycarbonyloxyethyl, 1-cyclohexyl- 
carbonyloxyethyl , 1- cyclopentyloxycarbonyloxyethyl , 
1-cyclopentylcarbonyloxyethyl, 1-cycloheptyloxy- 
carbonyloxyethyl , 1 - cycloheptylcarbonyloxyethyl , 

1- methylcyclopentylcarbonyloxymethyl, 1-methylcyclo- 
pentyloxycarbonyloxymethyl , 2-methyl-l- ( 1 -methyl - 
cyclohexylcarbonyloxy) propyl, l- ( 1 -methyl cyclo- 
hexylcarbonyloxy) propyl, 2- (1-methyl cyclohexyl- 
carbonyloxy) propyl , 1- (cyclohexylcarbonyloxy) propyl , 

2- (cyclohexylcarbonyloxy) propyl, 2-methyl-l- (1- 
methylcyclopentylcarbonyloxy) propyl, 1- ( 1 -methyl - 
cyclopentylcarbonyloxy) propyl, 2- (1-methylcyclo- 
pentylcarbonyloxy) propyl , 1- ( cyclopentyl carbonyl- 
oxy ) propyl , 2 - ( cyclopentylcarbonyloxy) propyl , 

1 - ( 1 -me thylcyclopentylcarbonyloxy ) ethyl , 
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1- (l-methylcyclopentylcarbonyloxy) propyl, adamantyl- 
oxycarbonyloxymethyl , adamantylcarbonyloxymethyl , 
1-adamantyloxycarbonyloxy ethyl and 1-adamantyl- 
carbonyloxyethyl groups; 

cycloalkylalkoxycarbonyloxyalkyl groups in which the 
alkoxy group has a single cycloalkyl substituent, 
the cycloalkyl substituent having from 3 to 10, 
preferably from 3 to 7, carbon atoms and mono- or 
poly- cyclic, for example the cyclopropylmethoxy- 
carbonyloxymethyl , cyclobutylmethoxycarbonyloxy- 
methyl , cyclopentylmethoxycarbonyloxymethyl , 
cyclohexylmethoxycarbonyloxymethyl, 1- (cyclopropyl- 
methoxycarbonyloxy) ethyl, 1- (cyclobutylmethoxy- 
carbonyloxy) ethyl, 1- (cyclopentylmethoxycarbonyl- 
oxy) ethyl and 1- (cyclohexylmethoxycarbonyloxy) ethyl 
groups ; 

terpenylcarbonyloxyalkyl and terpenyloxycarbonyl - 
oxyalkyl groups, in which the terpenyl group is as 
exemplified above, and is preferably a cyclic 
terpenyl group, for example the l- (menthyloxy- 
carbonyloxy ) ethyl , 1- (menthylcarbonyloxy) ethyl , 
menthyloxycarbonyloxymethyl , menthylcarbonyloxy- 
methyl, 1- (3-pinanyloxycarbonyloxy) ethyl, 
1- (3 -pinanylcarbonyloxy) ethyl , 3-pinanyloxycarbonyl- 
oxymethyl and 3-pinanylcarbonyloxymethyl groups; 

5-alkyl or 5 -phenyl [which may be substituted by at 
least one of substituents a, defined and 
exemplified above] (2-oxo-l. 3-dioxolen-4-yl)alkyl 
groups in which each alkyl group (which may be the 
same or different) has from l to 6, preferably from 
l to 4, carbon acorns, for example Che (5-mechyl-2- 
oxo-l,3-dioxolen-4-yl)mechyl, (5-phenyl-2-oxo-l, 3- 
dioxolen-4-yl)methyl, ( 5- isopropyl- 2-oxo-l, 3- 
dioxolen-4-yl)methyl, (5-c-butyl-2-oxo-l, 3-dioxolen 
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4-yl)methyl and 1- (5-methyl-2-oxo-l, 3-dioxolen-4- 
yl) ethyl groups; and 

other group9, such as the phthalidyl, indanyl and 
2-oxo-4 , 5, 6, 7- tetrahydro-1, 3-benzodioxolen-4-yl 
groups . 

q 

Where R represents an aryl-carboxylic acyl group, 
this may be any one of the aromatic acyl groups 
exemplifeid in relation to amino-protecting groups. 

9 15 

Where R or R represents an alkyl group having 
from 1 to 6 carbon atoms, this may be a straight or 
branched chain group having from 1 to 6, preferably from 
1 to 5, carbon atoms, and examples include the methyl, 
ethyl, propyl, isopropyl, butyl, isobutyl, sec -butyl, 
t- butyl, pentyl, isopentyl, neopentyl, 2-methylbutyl, 
1 - e thylpropyl , 4 -methylpentyl , 3 -methylpenty 1 , 2 - methyl - 
pentyl, 1- methylpentyl, 3, 3-dimethylbutyl, 2, 2 -dimethyl - 
butyl, 1, 1-dimethylbutyl, 1, 2-dimethylbutyl, 
1, 3-dimethylbutyl, 2 , 3 -dime thy Ibutyl , 2 -ethy Ibutyl, 
hexyl and isohexyl groups. Of these, we prefer those 
alkyl groups having from 1 to 4 carbon atoms, preferably 
the methyl, ethyl, propyl, isopropyl, butyl and isobutyl 
groups, and most preferably the methyl group. 

9 

Where R represents an alkenyl group this is 
preferably a group having from 2 to 5 carbon atoms, this 
may be a straight or branched chain group having from 2 
to 5, preferably 3 or 4, carbon atoms, and examples 
include the vinyl, allyl, methallyl, 1-propenyl, 
isopropenyl, 1-butenyl, 2-butenyl, 3-butenyl, 
1-pentenyl, 2-pentenyl, 3-pentenyl and 4-pentenyl 
groups, of which the vinyl, allyl, methallyl, 
l-propenyl, isopropenyl and butenyl groups are 
preferred, the allyl and 2-butenyl groups being most 
preferred. 
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Where R 9 represents an alkynyl group this is 
preferably a group having from 2 to 5 carbon atoms, this 
may be a straight or branched chain group having from 2 
co- 5, preferably 3 or 4, carbon atoms, and examples 
include the ethynyl, propargyl (2-propynyl) , 1-propynyl, 

1- butynyl, 2-butynyl, 3-butynyl, l-pentynyl, 2-pentynyl, 
3-pentynyl and 4-pentynyl groups, of which the propynyl 
and butynyl groups are preferred, the propargyl and 

2- butynyl groups being most preferred. 

Where a group represented by R 9 is substituted by 
a cycloalkyl group, this preferably has from 3 to 7 
carbon atoms, and examples include the cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl 
groups . 

Where a group represented by R 9 is substituted by 
a heteroaryl group, this is an aromatic heterocyclic 
group having, in one or more (preferably 1 or 2) rings 
from 5 to 10 ring atoms, of which from 1 to 3 are 
nitrogen and/or oxygen and/or sulphur atoms. The group 
may be a monocyclic group or it may consist of two or 
more rings attached to each other by fusion or by a 
spiro attachment. In the case of those groups having 3 
hetero-atoms in a ring, we prefer that 1, 2 or 3 should 
be nitrogen atoms and, correspondingly, 2, 1 or 0 should 
be oxygen and/or sulfur atoms. In the case of those 
groups having 1 or 2 hetero-atoms in a ring, the 
hetero-atoms may be freely chosen from nitrogen, oxygen 
and sulfur atoms. Preferably, however, the group 
contains at least one nitrogen atom. The group may be 
substituted or unsubstituted and, if substituted, the 
substituents are selected from the group consisting of 
substituents a and oxygen atoms, as defined and 
exemplified above. This is preferably an aromatic 
heterocyclic group having from 5 to 8 , more preferably 5 
or 6. ring atoms, of which from 1 to 3 are hetero atoms, 
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said aromatic heterocyclic group being unsubstituted or 
being substituted by at least one of substituents a, 
preferably an alJcyl group having from 1 to 6 carbon 
atoms (such as those exemplified above, preferably a 
methyl group) ? specific examples of such aromatic 
heterocyclic groups include the pyridyl, pyridazinyl, 
pyrazinyl, pyrrolyl, imidazolyl, triazolyl, tetrazolyl, 
guinolyl, isoquiolyl, phthalazinyl, quinoxalinyl , 
quinazolinyl, cinnolinyl, carbazolyl, isoindolyl, 
indolyl, indazolyl and purinyl groups. 

Where a group represented by R 9 is substituted by 
an aryl group, this is a carbocyclic aromatic group 
having from 6 to 14, preferably from 6 to 10, more 
preferably 6 or 10, and most preferably 6, ring carbon 
atoms in one or more aromatic rings. The group may also 
be unsubstituted or substituted, and, if substituted, 
the substituents are selected from the group consisting 
of substituents a, defined and exemplified above. In 
the case of the substituted groups, there is no 
particular limitation on the number of substituents on ' 
the aryl group, except such as may be imposed by the 
number of substitutable positions or possibly by steric 
constraints, but, in general, from 1 to 5 substituents 
are preferred, from 1 to 4 being more preferred and 1, 2 
or 3 being most preferred. Also, where the group is 
substituted, it is preferred that it should not be 
further substituted by a group which is also substituted 
by another aryl group. Specific examples of the 
unsubstituted aromatic groups include the phenyl, a- 
or 3- naphthyl, indenyl, phenanthrenyl and anthracenyl 
groups, of which we prefer those aromatic hydrocarbon 
groups having from 6 to 10 ring carbon atoms, 
particularly the phenyl, a -naphthyl and 3 -naphthyl 
groups, the phenyl group being most preferred. 

Where the aryl group is substituted, the 
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substituents are selected from the group consisting of 
substituents i and substituents (a) , defined and 
exemplified above, and examples of substituted groups 
include the 2-methylphenyl. 3-methylphenyl, 
4-methylphenyl, 2-methoxyphenyl , 3-methoxyphenyl, 
4-methoxyphenyl, 2-nitrophenyl, 3-nitrophenyl, 
4-nitrophenyl, 2-fluorophenyl, 3-fluorophenyl, 
4-fluorophenyl, 2-chlorophenyl, 3-chlorophenyl and 
4-chlorophenyl groups. 

Where a group represented by R 9 is substituted by 
a biaryl group, each aryl part may be as defined and 
exemplified above, and specific preferred examples of 
such groups include the biphenylyl and binaphthylyl 
groups, which may be unsubstituted or substituted as 
defined above. 

Where R 11 , R 12 , * 13 , R 1 *- * 1? or R 18 
represents an aralkoxy group, the alkoxy part has from 1 
to 3 carbon atoms and the aryl part is a carbocyclic 
aromatic group having from 6 to 14, more preferably from 
6 to 10, and most preferably 6 or 10, carbon atoms, 
which may be substituted or unsubstituted and, if 
substituted, has at least one of substituents * 
defined and exemplified above, although the 
unsubstituted groups are preferred; examples of such 
aralkoxy groups include the benzyloxy, phenethyloxy, 
1 - pheny lethoxy , 3 - phenylpropoxy , 2 - phenylpropoxy . 
1 - naphthy lmethoxy , 2 - napht hy lmethoxy , 2 - ( 1 - naphthy 1 ) - 
ethoxy, 2- (2 -naphthyl) ethoxy , benzhydryloxy (i.e. 
diphenylmethoxy) , tripheny lmethoxy, bis (2-nitro- 
phenyl )methoxy, 9 -anthry lmethoxy, 2,4, 6-trimethyl- 
benzyloxy, 4-bromobenzyloxy , 2 -nitrobenzyloxy , 4-nitro- 
benzyloxy, 3 -nitrobenzyloxy , 4-methoxybenzyloxy and 
piperonyloxy groups. 

Where R 11 . R 12 . R 13 . ^ or R 1? represents 
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an aryloxy group, this is a carbocyclic aromatic group 
having from 6 to 14, preferably from 6 to 10, more 
preferably 6 or 10, and most preferably 6, ring carbon 
atoms in one or more aromatic rings. The group may also 
be unsubstituted or substituted, and, if substituted, 
the substituents are selected from the group consisting 
of substituents a, defined and exemplified above. In 
the case of the substituted groups, there is no 
particular limitation on the number of substituents on 
the aryloxy group, except such as may be imposed by the 
number of substitutable positions or possibly by steric 
constraints, but, in general, from l to 5 substituents 
are preferred, from 1 to 4 being more preferred and l, 2 
or 3 being most preferred. Also, where the group is 
substituted, it is preferred that it should not be 
further substituted by a group which is also substituted 
by another aryl group. Specific examples of the 
unsubstituted aromatic groups include the phenoxy, a- 
or 3- naphthyloxy, indenyloxy, phenanthrenyloxy and 
anthracenyloxy groups, of which we prefer those groups 
having from 6 to 10 ring carbon atoms, particularly the 
phenoxy, a -naphthyloxy and 3 -naphthyloxy groups, the 
phenoxy group being most preferred. Examples of 
substituted groups include the 2-methylphenoxy, 
3 -methylphenoxy, 4-methylphenoxy, 2-methoxyphenoxy, 
3 -methoxyphenoxy , 4-methoxyphenoxy, 2-nitrophenoxy, 
3 - ni t rophenoxy , 4 - ni t rophenoxy , 2 - f luorophenoxy , 
3 - f luorophenoxy , 4 - f luorophenoxy, 2 -chlorophenoxy , 
3-chlorophenoxy and 4 -chlorophenoxy groups. 

16 17 

Where R or R represents a hydroxyalkyl 
group, this preferably has from 1 to 6 carbon atoms, and 
may be a straight or. branched chain group, preferably 
having from 1 to 4, carbon atoms. Examples include the 
hydroxymethyl, 1- or 2- hydroxyethyl, 1-, 2- or 3- 
hydroxypropyl , 1- or 2- hydroxy- 2 -methylethyl , 1-, 2-, 
3- or 4- hydroxybutyl , 1-, 2-, 3-, 4- or 5- hydroxy- 
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pentyl or 1-, 2-, 3-, 4-, 5- or 6- hydroxyhexyl groups. 
Of these, we prefer those hydroxyalkyl groups having 
from i to 4 carbon atoms, preferably the hydroxymethyl, 

2- hydroxyethyl, 3 - hydroxypropyl and 4 - hydroxybuty 1 
groups, and most preferably the hydroxymethyl group. 

Where R 16 or R 17 represents a carboxyalkyl 
group, thi9 preferably has from 1 to 6 carbon atoms, and 
may be a straight or branched chain group, preferably 
having from 1 to 4, carbon atoms. Examples include the 
carboxymethyl, l- or 2- carboxyethyl , 1-, 2- or 3- 
carboxypropyl , 1- or 2- carboxy-2-methylethyl , 1-, 2-, 

3- or 4- carboxybutyl , 1-, 2-, 3-, 4- or 5- carboxy- 
pentyl or 1-, 2-, 3-, 4-, 5- or 6- carboxyhexyl groups. 
Of these, we prefer those carboxyalkyl groups having 
from 1 to 4 carbon atoms, preferably the carboxymethyl, 

2 - carboxyethyl, 3 - carboxypropyl and 4 -carboxybutyl 
groups, and most preferably the carboxymethyl group. 

Where one of R 16 and R 17 represents an 
iminoalkyl group, this preferably has from 1 to 6 carbon 
atoms, and may be a straight or branched chain group, 
preferably having from l to 4, carbon atoms. Examples 
include the iminomethyl, 1- or 2- iminoethyl, 1-, 2- or 

3- iminopropyl, 1- or 2- imino-2-methylethyl, 1- , 2-, 3- 
br 4- iminobutyl, l- , 2- , 3- , 4- or 5- iminopentyl or 
1-, 2-, 3-, 4-, 5- or 6- iminohexyl groups. Of these, 
we prefer those iminoalkyl groups having from 1 to 4 
carbon atoms, preferably the iminomethyl, 2 - iminoethyl , 
3 - iminopropyl and 4 -iminobutyl groups, and most 
preferably the iminomethyl group. 

Where R 15 represents an aralkyl group, the alkyl 
part has from l to 3 carbon atoms and che aryl pare is a 
carbocyclic aromatic group having from 6 to 14, more 
preferably from 6 to 10. and most preferably 6 or 10, 
carbon atoms, which may be substituted or unsubstituced 
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and, if substituted, has at least one of substituents 

a defined and exemplified above, although the 

unsubstituted groups are preferred; examples of such 

aralkyl groups include the benzyl , phenethyl , 

1 - phenyl e t hy 1 , 3 - pheny lpr opy 1 , 2 - pheny lpropy 1 , 

1-naphthylmethyl, 2-naphthylmethyl , 2- (1-naphthyl) • 

ethyl, 2- (2-naphthyl) ethyl, benzhydryl (i.e. 

diphenylmethyl) , triphenylmethyl , bis(£-nitro- 

phenyl ) methyl , 9 - anthrylmethyl , 2,4,6- 1 rimethylbenzy 1 , 

4-bromobenzyl, 2-nitrobenzyl, 4-nitrobenzyl , 

3 -nitrobenzyl, 4-methoxybenzyl and piperonyl groups. 

18 

Where R represents an alkoxycarbonyl group, this 
may be a straight or branched chain alkoxycarbonyl group 
having from 2 to 5, preferably from 2 to 4, carbon 
atoms, and examples include the methoxycarbonyl, 
ethoxycarbonyl , propoxycarbonyl , isopropoxycarbonyl , 
butoxycarbonyl, isobutoxycarbonyl , sec-butoxycarbonyl 
and t -butoxycarbonyl groups, of which the most preferred 
are the methoxycarbonyl and ethoxycarbonyl groups. 

Without being restricted by theory, the present 
invention envisages the use of the compounds of the 
present invention in the treatment of the following 
conditions: 

Alzheimer's Disease; 

Parkinson's Disease; 

Motion sickness; 

Huntingdon's chorea; 

Schizophrenia; 

Depression; 

Anxiety; 

Sedation; 

Analgesia; 

Stroke; 

Preanesthetic; 
Antispasmodic; 
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Irritable Bowel Syndrome; 

Bladder - incontinence, retention; 

Peptic ulcer disease; 

Bronchitis/asthrna/cronic obstructive airways disease; 

Sinus bradycardia; 

Pacemaker regulation; 

Glaucoma; 

Achalasia ; 

Symptomatic diffuse oesophageal spasm; 
Biliary dyskinesia? 
Scleroderma; 
Diabetes mellitus; 
Lower oesophageal incompetence; 
Intestinal pseudo obstruction; 
Regulation of sleeps- 
Control of pupil diameter; and 
Non- ulcer dyspepsia. 

The compounds of the present invention may be 
administered in any suitable fashion for the desired 
treatment. For example, the compounds of the present 
invention can be administered orally in the form of 
tablets, capsules, granules, powders or syrups, or 
parent erally by intravenous injection, or as 
suppositories or the like. These pharmaceutical 
formulations can be prepared by mixing the compounds of 
the present invention with one or more adjuvants, such 
as excipients (e.g. organic excipients including sugar 
derivatives, such as lactose, sucrose, glucose, mannitol 
or sorbitol; starch derivatives, such as com starch, 
mashed potato, * -starch, dextrine or carboxymethyl 
starch; cellulose derivatives, such as crystalline 
cellulose, low hydroxypropyl - substituted cellulose, 
hydroxypropylmethyl cellulose, carboxymethyl cellulose, 
carboxymethyl cellulose calcium or internally bridged 
carboxymethyl cellulose sodium; gum arabic; dextran; and 
Pullulan; inorganic excipients including silicates, such 
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as light silicic acid anhydride, synthetic aluminium 
silicate or magnesium meta- silicic acid alumihate; 
phosphates, such as calcium phosphate; carbonates, such 
as calcium carbonate; and sulphates, such as calcium 
sulphate); lubricants (e.g. metal stearates, such as 
stearic acid, calcium stearate or magnesium stearate; 
talc; colloidal silica; waxes, such as beeswax or 
spermaceti; boric acid; adipic acid; sulphates, such as 
sodium sulphate; glycol; fumaric acid; sodium benzoate; 
DL- leucine; sodium salts of aliphatic acids; lauryl 
sulphates, such as sodium laurylsulphate or magnesium 
laurylsulphate; silicates, such as silicic acid 
anhydride or silicic acid hydrate; and the foregoing 
starch derivatives); binders (e.g. polyvinyl 
pyrrol idone, Macrogol; and similar compounds to the 
excipients described above); disintegrating agents (e.g.* 
similar compounds to the excipients described above; and 
chemically modified starch- celluloses, such as 
Crosscarmelose sodium, sodium carboxymethyl starch or 
bridged polyvinyl pyrrol idone ) ; stabilisers (e.g. 
E-hydroxybenzoates, such as methyl paraben or 
propylparaben; alcohols, such as chlorobutanol , benzyl 
alcohol or phenylethyl alcohol; benzalkonium chloride; 
phenols, such as phenol or cresol; thimerosal? 
dehydroacetic acid; and sorbic acid); corrigents (e.g. 
sweeteners, vinegar or perfums, such as those 
conventionally used); diluents and the like. 

The compounds of the present invention may also be 
administered by any other suitable route, such as: 
parenterally, intravenously, eye-drops, suppositories, 
dermal patch and sustained release formulations, using 
any suitable excipients, preservatives, flavourings, 
colourings and other ingredients as appropriate and/or 
desired. 

The dose varies depending upon the condition and age 
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of the patient and upon the route and type of 
administration but, for example, the compounds of the 
present invention can be administered orally in a daily 
dose of from 0.01 to 1000 mg/kg body weight (preferably 
0.05 to 200 mg/kg body weight), either as a single dose 
or as divided doses. 

Various of the compounds of the present invention 
are shown in the following tables. In the tables, Bn 
represents a benzyl group. 

Following the tables are reaction schemes 
illustrating possible routes for the synthesis of 
various compounds of the present invention. 

Compound numbers used in the reaction schemes 
correspond to those given in the preparative Examples 
following the reaction schemes and which illustrate the 
preparation of certain compounds of the invention. 

Finally, various methods for assaying the 
allosterism of the compounds of the invention are 
provided. The numbering in these methods and the table 
which accompany them corresponds to the tables 
immediately following this text. 
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X represents halogen acorns or -0C0OR (preferably 
OCOOEt. OCOOiPr) 

Rl : hydroxy group, protected hydroxy group 
r2. r3 eaC h : hydrogen atom, alky! group. 
R2 and R 3 together : -lCHj) 2 -. -<CH 2 )j- 
r4 : carboxy protecting group 
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R ,R : hydrogen atoms, amino protecting group 

R 7 : NR 5 R 6 -0-R 8 , 
g 

where R : unsubstituted alkyl group and alkyl group 
substituted with NR 5 R 6 

Step 1 : 

(1) reagent 

base : organic bases such as Et^N or strong inorganic 
bases such as NaH, KN (trimethylsilyl) (preferably, inorganic 
bases) 

(2) solvent : ethers or DMF (preferably, dimethoxyethane, THF) 

(3) temperature : -100 - room temperature (preferably, -70 -20) 

Step 2 : Horner-Emmons reaction or Wittig reaction. Normally, 
trans compound is synthesized according to the above reaction. 
If you need cis compound, you have to follow the modified 
Horner-Emmons reaction 

{ W.Clark Still and Cesare Gennari, Tetrahedron Letters, Vol.24, 
no. 41, pp4405-44087 (1983)). 

(1) reagent : 

(a) ester : phosphonates such as (R'0) 2 POCH 2 COOR or 

phosphonium salts such as (Ph) --P + (X~ ) CH-COOR 
(preferably, when synthesizing cis acid compound, 
(CF 3 CH 2 0) 2 -PO-CH 2 COOCH 3 ; when synthesizing trans acid 

compound, (CH 3 0) 2 -PO-CH 2 COOCH 3 

(b) base : NaH, KN (trimethylsilyl) 2 . BuLi etc. (preferably, 
when synthesizing cis acid compound, KN (trimethylsilyl ) 2 and 
18 -crown- 6 ether; when synthesizing trans acid compound, NaH) 

(2) solvent : ethers, DMF, aromatic hydrocarbons such as 
benzene (preferably, THF) 

(3) temperature : -100 - 50 (preferably, when synthesizing cis 
acid compound, -70 -20; when synthesizing trans acid compound, 
0 - r.t) 

Step 3 : 

(1) reagent : nothing 

(a) solvent : aromatic hydrocarbons such as benzene, ethers 
(preferably, diphenylether, mesithylene, dichlorobenzene) 
(3) temperature : 100 - 300 (preferably, 150 - 250) in the case 
of cis compound, 200 - 270 is preferable 
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Step 4: 

(1) reagent : 

(a) in case of using acid : preferably, mineral acids 
such as hydrochloric acid 

(b) in the case of using metal : Pd, Rh (preferably, 
Pd-C) 

(2) solvent : alcohols, aromatic hydrocarbons 
(preferably, ethanol) 

(3) temperature : r.t. - 150 (preferably, 50 - 100) 

Step 5: A _ 

(A) in the case of R 4 =alkyl such as Me, Et; normal 
hydrolysis with alkaline 

(1) reagent : metal hydroxide (preferably, NaOH, K0H) 

(2) solvent : alcohols, water, water plus water soluble 
organic solvents 

(3) temperature : 0 - 100 (preferably, r*t. - 80) 

(B) in the case of R 4 =benzyl derivatives; normal 
hydrogenolysis 

(1) reagent : metal catalysts such as Pd-C, Pt0 2 
(preferably Pd-C) 

(2) solvent: ethers such as THF or alcohols (preferably, 
ethanol , methanol ) 

(3) temperature : 0- 50 (preferably, r.t,) 

(C) in the case of R 4 =allyl 

(1) reagent : metal catalyst (preferably, Pd catalyst 
such as Pd(PPh 3 )4) 

(2) solvent : esters (preferably, ethyl acetate) 

(3) temperature : 0 - 100 (preferably, r.t. - 50) 

Step 6 : this step is comprised of a mixed anhydride 
method or an acyl halide method, followed by azidation. 

(A) in the case of a mixed anhydride method : 

(1) reagent : alkyl haloformates (XCOOR) (preferably, 
alkyl chloroformate; more preferably, ethyl 
chlorof ormate or i-butyl chloroformate) , and organic 
amines (preferably, triethylamine) 

(B) in the case of an acyl halide method : 

(1) reagent : halogenation agents such as SOCl2# 
PC1 5 (preferably, S0C1 2 ) 

(C) azidation : 

(1) reagent : alkali metal azide, phosphoryl azide 
(preferably, sodium azide) 

(2) solvent : a mixture of water and organic solvent 
selected from ketones, ethers and alcohols 
(preferably, a mixture of water and organic solvent 
selected from ketones; more preferably, a mixture of 
vater and acetone) 



(3) temperature : -10 - 50 (preferably, 0 - r.t.) 
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Step 7 : This step is for preparing an amide compound 
and also for optical resolution, if necessary, and 
contains three reactions: 

(A) Curtius Rearrangement according to the procedures 
described in P.A-S .Smith, Organic Reaction III, 337 
(1946). 

(B) Isocyanate to Carbamate by reacting methylbenzyl 
alcohol 

(C) if necessary, optical resolution 

(D) Elimination of protecting groups (Carbamate to Amine) 
(A) and (B) 

. (1) reagent :,arakyl alcohols (preferably, benzyl 

alcohol , 1 - phene thylal cohol , p - me thoxybenzylal cohol ) 

(2) solvent : aromatic hydrocarbons, amides, ethers 
(preferably, toluene) 

(3) temperature : 50 - 200 (preferably, 70 150) 

(C) normal optical resolution 

(D-l) when the protecting group is a benzyl group : 
hydrogenolysis 

(1) reagent : metal catalyst such as Pd-C, Pt0 2 
(preferably, Pd-C) 

(2) solvent : alcohols, ethers, amides such as DMF 
(preferably, alcohols, amides; more preferably, 
ethanol, DMF) 

(3) temperature : 0 - 50 (preferably, r«t.) . 

(D-2) when the protecting group is an alkyl group : 

(1) reagent : BBr 3 or HI (preferably, BBr 3 ) 

(2) solvent : halogenated hydrocarbons (preferably, 
CH 2 C1 2 ) 

(3) temperature : -20 - 80 (preferably, 0-50) 
Step 8 : acylation or alkylation 

(1) reagent : acylating agents or alkylating agents, and 
bases 

acylating agents or alkylating agents : alkyl 
halides or alkyl sulfonates (preferably, alkyl 
iodide) 

bases : alkali metal salts, organic amines 
(preferably, NaHC03, K2CO3) 

(2) solvent : aromatic hydrocarbons, alcohols 
(preferably, aromatic hydrocarbons; more preferably, 
toluene, benzene) 

(3) temperature : r.t. - 200 (preferably, 50 - 150) 
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Step 9 : 

(A) via acyl halide (amidation and esterif ication) 

(a) halogenating agents such as SOCI2, PC1 5 , POCI3 
(preferably, S0C1 2 ) 

(b) bases : organic amines (preferably, pyridine, 

triethylamine) 

(c) HNrSrS or HO-R 8 

(2) solvent : no solvent, or halogenated hydrocarbons or 
aromatic hydrocarbons (preferably, alcohols 
halogenated hydrocarbons; more preferably, 

CH 2 C1 2 , CHCI3) 

(3) temperature : 0 - 80 (preferably, 20 - 50} 

(B) Via acid anhydride (amidation and esterif ication) 

(1) reagent : , 

(a) alkyl haloformates (XCOOR) (preferably, alkyl 
chloroformate; more preferably, ethyl chloroformate 
or 1- butyl chloroformate) 

(b) bases : organic amines (preferably, pyridine, 
triethylamine) 

(c) HNR 5 R 6 or HO-R 8 

(2) solvent : halogentated hydrocarbons, ketones or 
ethers (preferably, ketones and ethers; more 
preferably, acetone, THF) 

(3) temperature : -20 - 80 (preferably, 0-50) 

(C) Via direct esterif ication using diazdmethane 

(1) reagent : diazomethane 

(2) solvent : halogenated hydrocarbons, ketones, 
alcohols or ethers (preferably, ketones and 
alcohols; more preferably, acetone, methanol) 

(3) temperature : -20 - 80 (preferably, 0 - 50) 
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Step 10 : mild reduction 

(1) reagent : BHj-THF complex or other BH3 complex 
(preferably, BH3-THF complex) 

(2) solvent : ethers (preferably, THF) 

(3) temperature : -20 - 50 (preferably, 0 - r.t.) 

Step 11 : This step is comprised of two reactions, that 
is, sulfonylation and azidation 

(A) Sulfonylation 

(1) reagent : sulfonyl halides such as sulfonyl 
chlorides preferably, CH3SO2CI, 
CH3-Ph-S02Cl) and bases such as organic amines 
(preferably, pyridine, triethylamine) 

(2) solvent : pyridine, ethers, halogenated hydrocarbons 
(preferably, pyridine) 

(3) temperature : -20 - 50 (preferably, 0 - r.t.) 

(B) azidation 

(1) reagent : TMS-N 3 +Bu 4 N^F* ) , metal azide such 
as NaN 3 (preferably, TMS-N 3 +Bu 4 N + F- ) 

(2) solvent : ethers, amides such as DMF and DMSO 
(preferably, ethers; more preferably, THF) 

(3) temperature : r.t. - 200 (preferably, 50 - 150) 

Step 12 : reduction 

(1) reagents : 

(a) metal catalyst such as Pd-C, Pt0 2 

(b) mineral acids such as hydrochloric acid 

(2) solvent : alcohols, ethers, amides (preferably, 
alcohols; more preferably, ethanol) 

(3) temperature : 0 - 50 (preferably, r.t.) 
Step 13 : same as Step 8 
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H-7 



Seep 14 ■ reduction 

(1) reagents : metal catalyst such as ?d-C, PtO, 

(2) solvent : alcohols, ethers, amides (preferably, aicoi-.ois; 

more preferably, ethanol) 

(3) temperature : 0 - 50 (preferably, r.t.) 

!l^ P reagent : metal hydroxide (preferably, MaOH. :<0H) 

(2) solvent : alcohols, water, water plus soluble organic 

solvents 

(3) temperature : 0 - 100 (preferably, r.t. - 30) 
Step 16 : same as Step 6 

Step 17 • same as Step 7 
Step 18 : same as Step 8 

optionally, the hydroxy protecting group of Rl can be 
eliminated in Steps 4, 5, 8. 9. 10. 12. 13. 14. IS. 17 
and 13. 

d 2 isomers and optical isomers of compound(II) can be obtained 
fecoraing to the procedures described in the following papers : 

(1) T.Fukazawa. T.Hashimoto. Tetrahedron Asymmetry. 4. l.. 
2323-2325(1993). 

(2) J? Kokai hei 3-163078 

(3) J? Kokai sho 61-27986 

(4) J? Kokai sho 61-282384 

(5) J? Kokai hei 4-182453 

(6) J? Kokai sho 62-81383 

(7) Y . Shimo j i . K.Tomita. T. Hashimoto. ? . Saito. Y. Morisawa . 
H.Mizuno, R. Yorikane. and H.Koike. 

J. Med. Chem.. 11.816-822(1992) . 
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Scheme 4 
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Scheme 6 
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Scheme 8 

8ft hCi 




Scheme 9 

8n 




McOII 



BNSOOCID: <GB 2292685A_I_> 



64 



M&C FOLIO: 230P70859/FP-9414 WANGDOC: 1009D 

EXAMPLE 3, 

HaS . 12R. 12aS. 12bR) -12-Amino ^ ■ 1 - 3a . 4 . 11 ■ 12 ■ 12a. l2b-octa- 
h yriro-10-hvdroxyisoquino f2. 1, 8-lmal car bazol-5 (1H) -one 

hydrochloride 

Ka) (fil -l- f2-CYelohexen-l-vl)ac pi-y'» -4-merhoxv-lH- indol- 
T. ra rhnyaldehvde 

A solution of 5.47 g of 4-methoxy-lH-indol-3- 
carboxaldehyde in 624 ml of dimethoxyethane was added to 
a mixture of 63 ml of a 0.5 M solution of potassium 
bis (trimethylsilyl) amide in toluene with 31 ml of 
dimethoxyethane a,t -70°C. The resulting mixture was 
stirred for 20 minutes at this temperature, after which 
time 5.0 g of (S) -1- (2-cyclohexen-l-yl> acetyl chloride 
was added to the mixture, still at -70°C, and the 
reaction mixture was stirred for a further 30 minutes at 
the same temperature and then poured into a saturated 
aqueous solution of ammonium chloride and extracted with 
ethyl acetate. The extract was washed with brine, dried 
over anhydrous sodium sulfate, and evaporated under 
reduced pressure. The residue was purified by silica 
gel column chromatography using a 3 : 1 by volume 
mixture of cyclohexane and ethyl acetate as the eluent. 
The resulting product was reprecipitated from a mixture 
of methylene chloride and n-hexane to afford 6.07 g of 
the title compound, melting at 120-121°C. 

Elemental analysis: 

Calculated for C 18 H 19 N0 3 : 

C, 72.71%; H, 6.44%; N, 4.71%. 
Found: C, 72.65%; H, 6.44%; N, 4.71%. . 
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Infrared Absorption Spectrum (KBr) , v cm" 1 - 

max 

1722, 1668. 

Mass Spectrum (m/e) : 
297 (M*) . 

Nuclear Magnetic Resonance Spectrum (CDCfi 3 , 
270 MHz) , 6 ppm: 

1.32-1.45 (1H, multiplet), 

1.55-1.82 (2H, multiplet), 

1.88-2.09 (3H, multiplet), 

2.81-2.98 <3H, multiplet), 

4.04 (3H, singlet), 

5.59-5.85 (2H, multiplet), 

6.87 (1H, doublet, J=8Hz) , 

7.38 (1H, triplet, J«8Hz) , 

8.13 (1H, doublet, J«8Hz) , 

8.15 UH, singlet) , 

10.57 (1H, singlet) . 

23 

[*1 D +77. 14° (Col. 12, trichloromethane) . 

Kb) (S) -Methvl (ZJ -3 Fi - (2 - cvclohexen- 1 - vl ) acetyl - 4 - 
methoxy- 1H- indol : 3 - vll oropenoat:^ 

34.5 ml of a solution of 0.5 M potassium 
bis (trimethyl si lyl) amide in toluene was added to a 
mixture of 3.6 ml of bis (2, 2,2-trif luoroethyl) (methoxy 
carbonylmethyUphosphonate with 22.51 g of 18-crown-6 in 
340 ml of tetrahydrofuran at -70°C, The resulting 
mixture was stirred for 20 minutes at this temperature, 
after which time a solution of 5.07 g of (S) -1- (2 -cyclo- 
hexen - 1 - yl ) acetyl - 4 - methoxy - 1H- indol - 3 - carboxaldehyde , 
as obtained in Example 1(a), in 85 ml of tetrahydrofuran 
was added to the mixture at -70°C. The reaction mixture 
was then stirred for a further 30 minutes at this 
temperature, and then poured into a saturated aqueous 
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solution of ammonium chloride and extracted with ethyl 
acetate- The extract was washed with brine and dried 
over anhydrous sodium sulfate. The solvent was removed 
by distillation under reduced pressure, and the residue 
was purified by silica gel chromatography using a 3 : l 
by volume mixture of cyclohexane and ethyl acetate as 
the eluent. The resulting product was crystallized from 
cyclohexane to afford 6.00 g of the title compound, 
melting at 94°C. 

Elemental analysis: 

Calculated for C 21 H 23 N0 4 : 

C, 71.37%; H, 6.56%; N, 3.96%. 
Found: C, 71.37%; H, 6,29%; N, 4.09%. 

Infrared Absorption Spectrum (KBr) , v cm" 1 : 

max 

1713. 

Mass Spectrum (m/e) : 
353 (M+) 

Nuclear Magnetic Resonance Spectrum (CDC* 3 , 
270 MHz) , b ppm: 

1.36-1.5 (1H, multiplet), 

1.6-1.7 (1H, multiplet), 

1.72-1.85 (1H, multiplet), 

1.91-2.09 (3H, multiplet), 

2.85-3.02 (3H, multiplet), 

3.77 (3H, singlet), 

3.95. (3H, singlet), 

5.65-5.83 (2H, multiplet), 

5.93 (1H, doublet, J*10Hz) , 

6.79 (1H, doublet, J»8Hz) , 

7.3 (1H, triplet, J=8Hz) , 

7.86 (1H, doublet, J=l0Hz) , 

8. 17 (1H, doublet, J=8Hz) , 

9 .02 (1H, singlet) . 
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HO MQthvl (3aS.12R.l? a fi nhp .nrc ). 

?n2 , 3.3a,4.5. 12 .12a. 12h. i? e -decahYri ro-10-niet:hoxv-';.r > ? fr>. 
isoqujno f 2 , 1 , 8 - lmal carbazol ■ 12 - carboxylate 

0.5 g of (S)-methyl (Z) -3- [i- (2-cyclohexen-l-yl) - 
acetyl-4-methoxy-lH-indol-3-yl]propenoace. as obcained 
in Example Kb), was added to 150 ml of biphenyl ether 
and the mixture was refluxed for 30 minutes. The 
reaction mixture was cooled to room temperature and 
purified by silica gel chromatography using a 3 : 1 by 
volume mixture of cyclohexane and ethyl acetate as the 
eluent. The resulting product was crystallized from 
hexane to afford 0.374 g of the title compound, melting 
at 185-187°C. 

Elemental analysis: 

Calculated for C 21 H 23 N0 4 '1/3^0: 

C, 70.18%; H, 6.64%; N, 3.90%. 
Found: C, 70.40%; H, 6.52%; N, 3.84%. 

Infrared Absorption Spectrum (KBr) , v cm" 1 : 

max 

1736, 1656. 

Mass Spectrum (m/e) : 
353 (M"*) . 

Nuclear Magnetic Resonance Spectrum (CDC« 3 , 
270 MHz) , & ppm: 

1.32-1.72 (5H, multiplet), 

1.82-1.9 (1H, multiplet), 

2.1-2.22 (2H, multiplet) , 

2.37 (1H, doublet, J=32Hz) , 

2.41-2.56 (1H, multiplet), 

2.82 (1H, doublet of doublets, J=8&20Hz) , 

3.73-3.82 (1H, multiplet). 

3.77 (3H, singlet), 

3.9 (3H, singlet) , 
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4.75-4.83 (1H, mulciplec) , 
6.06-6.11 (1H, multiplet), 
6.64 (1H, doublet. J=8Hz). 
7.22 (1H, triplet, J=8Hz) , 
7,75 (1H, doublet, J=8Hz) . 

1(d) Methvl (3aS.12R.12aS.12bR) -1.2 .3. 3a. 4. 5 .11. 12 .12a. 
12b-decahvdro-10-methoxv-5-oxoisoauinof2.1. 8- lmal carbazol- 
i^-carboxvlate 

20 Drops of concentrated aqueous hydrochloric acid 
were added to a solution of l.i g of methyl 
(3aS , 12R, l2aS , l2bR, 12cS ) - 1 , 2 , 3 , 3a, 4 , 5 , 12 . 12a , 12b , 12c - 
decahydro- 10 -methoxy- 5-oxoisoquino(2 , 1 , 8 -lma] carbazol -12 - 
carboxylate, as obtained in Example 1(c), in 110 ml of 
ethanol under reflux conditions, and refluxing was 
continued for 20 minutes. The reaction mixture was then 
cooled to 0°C and the resulting crystals were collected 
by filtration to afford 0.988g of the title compound, 
melting at 230-231°C. 

Elemental analysis: 

Calculated for C^H^NO" 1/5H 2 0: 

C, 70.65%; H, 6.61%; N, 3.92%. 
Found: C, 70.68%; H, 6.57%; N, 3.91%. 

Infrared Absorption Spectrum (KBr) , cm" 1 : 
1730, 1706. 

Mass Spectrum (m/e) : 
353 (M*) . 

Nuclear Magnetic Resonance Spectrum (CDCi 3 , 
270 MHz) , 6 ppm: 

0.8-1.7 (6H, multiplet), 

2.2-2.3 (1H. multiplet). 

2.48-2.69 (2H, multiplet), 
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2.88-3.28 (5H, multiplet) , 

3.76 (3H, singlet), 

3.9 (3H, singlet), 

6.71 (1H, doublet, J»8Hz) , 

7.2 (1H, doublet, J=8Hz) , 

8.0 (1H, doublet, J«8Hz) . 

*-< e > (3aS.12R.12«S.12bB).l 9 A .* ii,i ?| n a ,,k. 

Decahydro- 10 -methoxv- 5 -oxoi Sfigujjag f 2 J . ft - lmal • carhaznl ■ i 7 - 
Carboxyljf; acid 

8 ml of a 30% w/v aqueous solution of potassium 
hydroxide was added to a solution of 200 mg methyl 
( 3aS , 12R, l2aS , 12bR) - 1 , 2 , 3 , 3a , 4 , 5 , 11 , 12 , 12a, 12b-decahydro- 
10 -methoxy- 5 - oxoisoquino [2 , l , 8 - lma] carbazol - 12 • 
carboxylate, as obtained in Example 1 (d) , in 80 ml of 
methanol and the mixture was refluxed for 15 minutes. 
The reaction mixture was cooled to 0°C and then ice, 
concentrated aqueous hydrochloric acid and dioxane were 
added. The reaction mixture was stirred for l hour at 
room temperature and then the solvent was removed by 
evaporation under reduced pressure. The resulting 
crystals were collected by filtration to afford 186 mg 
of the title compound, melting at >300*C. 

Elemental analysis: 

Calculated for C 2Q H 2 ^0^1/3^0: 

C, 69.55%; H, 6.32%; N, 4.06%. 
Found: C, 69.76%; H, 6.68%; N, 4.13%. 

Infrared Absorption Spectrum (KBr) , v cm* 1 : 

. i max 
3215,1741,1683 cm" . Mass Spectrum (m/e) : 

339 (M + ). 

Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethyl sulfoxide, 270 MHz) , 6 ppm: 
0.8-1.0 (1H, multiplet), 
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1.0-1.75 (5H, multiplet), 
2.0-2.7 (5H, multiplet), 
2.8-3.3 <4H, multiplet), 
3.9 (3H, singlet), 
6.7 (1H, doublet, J=8Hz) , 
7.2 (1H, triplet, J=8Hz) , 
7.95 <1H, doublet, J«8Hz) . 

1(f) ( 3aS , 12R , 12aS , !2bR) - 12 - Ben zvloxvcarbonvlamino - 
2 . 3 . 3a. 4 . 11 . 12 ■ 12a a 12b-octahvdro- 10-methoxvisoauino- 
f 2 , 1 , 8 - lmal carbazol - 5 ( 1H) - one 

74 jil of triethylamine and 63 ^1 of ethyl 
chloroformate were added to a suspension of 150 mg of 
(3aS, 12R, 12aS, l2bR) - 1, 2 , 3 , 3a, 4 , 5 , 12 , 12a, 12b-decahydro- 10 - 
methoxy-5-oxoisoquno [2, 1, 8-lma] carbazol- 12 -carboxy lie 
acid, as obtained in Example 1 (e) , in 3 ml of acetone 
at 0°C, and the resulting mixture was stirred for 15 
minutes at this temperature. After this time, a 
solution of 43 mg of sodium azide in 0.5 ml of water was 
added to the reaction mixture, still, at 0°C. The 
reaction mixture was then stirred for 1 hour at 0°C, 
poured into water, and extracted three times 
successively with ethyl acetate. The extract was washed 
with brine and dried over anhydrous sodium sulfate. The 
solvent was removed by evaporation under reduced 
pressure to afford the acid azide in the form of 
crystals. A suspension of these crystals in 2 ml of 
toluene was refluxed for 4 hours and 105 ^1 of benzyl 
alcohol was then added to this mixture. After refluxing 
the resulting mixture for a further 7 hours, the 
reaction mixture was cooled to room temperature, and 
97 mg of the resulting crystals were collected by 
filtration, melting at >300°C. 

Elemental analysis: 

Calculated for -N-O. : 
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C, 72.95%; H, 6.3S%; N, 6.30%. 
Found: C, 73.14%; H, 6.60%; N, 6.10%. 

Infrared Absorption Spectrum (KBr), v cm" 1 - 

max 

3354, 1710, 1687. 

Mass Spectrum (m/e) : 
444 (M*) . 

Nuclear Magnetic Resonance Spectrum (CDC« 3 , 
270 MHz) , & ppm: 

0.8-1.4 (3H, multiplet) , 

1.5-1.8 (3H, multiplet), 

2.1- 2.4 (2H, multiplet), 
2.48-2.57 (1H, multiplet), 

2.62 (1H, doublet of doublets, J-2&17HZ) , 
2.9-3.0 (1H, multiplet), 

3.2- 3.4 (3H, multiplet), 
3.86 (3H, singlet), 
4.1-4.26 (1H, multiplet), 
4.9-5.2 (3H, multiplet) , 
6.7 (1H, doublet, J=8Hz) , 
7.13-7.4 (6H, multiplet), 
8.0 (1H, doublet, J=8Hz) . 

Kg) I3aS.3,2R.12aS.12bR)-12-Amino-2.3.3a.4.11.12a.l2b- 
octahvdro- 10 -hvdroxvisoauino f 2 . 1 , 8 - lmal carbazol - 5 ( 1H) -one 
hydrochloride 

551 (il of a 1M solution of boron tribromide in 
methylene chloride was added to a suspension of 70 mg of 
( 3aS , 12R , l2aS , 12bR) - 12 - benzyloxycarbonylami.no- 2 , 3 , 3a , 4 , 11 , 
12, 12a, I2b-octahydro-l0-methoxyisoquino[2, 1, 8-lma) - 
carbazol - 5 (1H) -one, as obtained in Example 1 (f ) , in 
551 nl of methylene chloride at 0°C, and the resulting 
mixture was stirred for 24 hours after being allowed to 
warm to room temperature. After this time, 7 ml of 
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water and 5 ml of a saturated aqueous solution of sodium 
hydrogencarbonate were added to the reaction mixture 
which was then stirred for 0.5 hour at room 
temperature. The crystals which precipitated were 
collected by filtration, washed with water, and 
suspended in 551 H l of methanol. 551 + 1 of a 4N 
solution of hydrogen chloride in dioxane was added to 
the resulting suspension and the reaction mixture was 
then stirred at room temperature for 1 hour. After this 
time, l ml of isopropyl ether was added to the reaction 
mixture which was then stirred for a further 0.5 hour. 
40 mg of the resulting crystals were collected by 
filtration, melting at >300°C. 

Elemental analysis: 

Calculated for C 10 H 21 C1N 2 O 2 . 5/4H 2 0: 

C, 60.84%; H, 6.67%; N, 7.88%; CI, 9.98%. 
Found: C, 60.87%; H, 6.59%; N, 7.66%; CI, 9.57%. 

Infrared Absorption Spectrum (KBr) , v cm" 1 : 

max 

3215, 1715. 

Mass Spectrum (m/e) : 
296 (M + -HC1) . 

Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethylsulf oxide, 270 MHz) , h ppm: 

0.63-0.75 (1H, multiplet), 

0.87-1.0 (1H, multiplet) , 

1.15-1.3 (1H, multiplet), 

1.5-1.73 (3H, multiplet) , 

2.14-2.26 (1H, multiplet), 

2.29-2.38 (1H, multiplet), 

2.68-2.81 (1H, multiplet), 

3.08 <1H, doublet of doublets, J=5&17Hz) , 

3.23-3.4 (4H, multiplet), 

3.63-3.71 (1H, broad singlet). 



73 



6.67 (1H, doublet, J«8Hz) , 
7.03 (1H, triplet, J»8Hz) , 
7. 68 (ih, doublet, J-8Hz) , 
8.29-8.44 (2H, broad singlet) 

23 

M D -60.9° (c=0.46,H 2 O) . 



EXAMPLE 2 

(3^,12R,l?aS 1?hW)-12.EtMv»mH rrt .2.3.3».4 n 12a Uhz 
OQtahydro- tQ - hydroxyi sowing f 2 . 1 . R - 1 ma 1 carb* *m ■ M m . nn a 

hydrochloric 

and 

(3aS,12R,12aS.12hR) • 12 -Pi prfry l aminn. 3 .1 , 3a. 4 , 11 . ; 7* i?h- 
octahydro- iQ-hvdroxviaoguipo f2 . l . B - 1 iw ] carbaznl - § | ih) • one 

hvdroehlnri^ 

2(a) .13a$,12R,12ag ,;2bR)-12-Mnino-2.V^ 4.11.12a I7h- 
P . ctahYdrp-10-merhoxvi3omMnr> f ? , i , a- lm*1 rarbazol -sum.nn. 
hydrochloric 

0.55 g of che product of Example 1(f) and 0.55 g of 
10% w/w palladium on carbon were added to a mixture 
consisting of 250. ml of dioxane, 50 ml of methanol, 
50 ml of water and 0.5 ml of concentrated aqueous 
hydrochloric acid at 40°C. The resulting mixture was 
stirred for 6 hours under 1 atmosphere of hydrogen at 
the same temperature. After this time, the reaction 
mixture was filtered and the catalyst was washed with a 
warm solution of aqueous methanol. The water and 
ethanol were removed by evaporation under reduced 
pressure, and che residue was reprecipitated from a 
mixture of methanol and isopropyl ether to afford 
0.285 g of the tide compound, melcing ac >300°C. 
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Mass Spectrum (m/e) : 
310 (M*-HC1>. 

2(b) I3aS . 12R , 1 2aS . 12bR) - 12 - Ethvlami nn. 

2 , 3 , 3a, 4 , 11 , 12a. 12b -octahvdro- 10 -m ethoxyisogyi nn. 

r 2 . 1 . 8 - lmal carbazol - 5 ( 1H) -one 

and 

2(C) ( 3aS , 12R, 12aS , 12bR) - 12 -Diethvlainiqn- 

2 , 3 , 3a , 4 , 11 , 12a, 12b-octahvdro- lO-met hoxvisoauino- 

12,1,8- Ima,] gflrfrfrspl - 5 ( lfl) - pqs 

231 |xl of iodoethane and 121 mg of sodium 
hydrogencarbonate were added to a suspension of 0.1 g of 
the compound obtained in Example 2 (a) in 5 ml of 
benzene, and the resulting mixture was stirred 
vigorously for 8 hours at 90°C in a pressure bottle. 
The reaction mixture was then poured into water and 
extracted with ethyl acetate. The extract was dried 
over anhydrous sodium. sulfate and. the solvent was 
removed by evaporation under reduced pressure. The 
residue was purified by silica gel chromatography using 
a 100 : 10 : 1 by volume mixture of methylene chloride, 
methanol and aqueous ammonia as the eluent to give each 
of the title compounds as an amorphous solid, each in a 
yield of 18 mg. 

The compound of Example 2 (b) 

Nuclear Magnetic Resonance Spectrum (CDCi 3 , 
270 MHz) , b ppm: 

0.8-1.37 (3H, multiplet), 

1.31 (3H, triplet, J=8Hz) , 

1.52-1.81 (3H, multiplet) f 

2.18-2.45 (2H, multiplet), 

2.54-2.71 (1H, multiplet), 
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2.62 (1H, doublet of doublets, J=2&17Hz) , 

2.9-3.02 OH, multiplet), 

3.17-3.26 (1H, broad singlet) , 

3.29-3.43 (3H, multiplet) , 

3.91 (3H, singlet), 

6.74 (1H, doublet, J=8Hz) , 

7.22 (1H, triplet, J=8Hz) , 

7.95 (1H, doublet, J»8Hz) . 

The compound of Example 2(c). 

Nuclear Magnetic Resonance Spectrum (CDC« 3 , 
270 MHz) , 6 ppm: 

0.82-1.37 (3H, multiplet), 

1.19 (6H, triplet, J=7Hz) , 

1.51-1.84 (3H, multiplet), 

2.14-2.42 (2H, multiplet), 

2.62 (1H, doublet of doublets, J*2&l7Hz) , 

2.3-3.09 (5H, multiplet), 

3.11-3.32 (3H, multiplet), 

3.9 (3H, singlet) , 

6.71 (ih, doublet, J-8Hz) , 

7.2 (1H, triplet, J=8Hz) , 

7.98 (1H, doublet, J»8Hz) . 

2(d) QaS. 12R.12aS.12bR) - i 2 -Ethvlamino-2 . 3 . 3a . 4 . ll . . 
l2a,12b-OCtahvdro-10-hvdroxvisocruinof2. 1.a-lma1carba Z n1 ■ 
5(lH)-one hvdrorhl nri Hp 

186 |il of a 1M boron tribromide solution in 
methylene chloride was added to a solution of 18 mg of 
the compound obtained in Example 2 (b) in 1 ml of dry 
methylene chloride at 0°C, and the resulting mixture was 
stirred overnight at room temperature. After this time 
1 ml of water and 5 ml of a saturated aqueous solution 
of sodium hydrogencarbonate were added to the reaction 
mixture which was then stirred for 30 minutes. The 
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precipitated solid was filtered off, washed with water, 
and added to a mixture of 186 +1 of water and 19 ^l 
of 4N hydrogen chloride in dioxane. The reaction 
mixture was stirred for l hour and then stirred for a 
further 1 hour after the addition of 1 ml of isopropyl 
ether. 14 mg of the title compound was collected by 
filtration, melting at 151-154°C. 

Mass Spectrum (m/e) : 
324 (M + -HC1) . 

Infrared Absorption Spectrum (KBr) , cm' 1 : 
3163, 1678, 1637. 

U]£ 3 -10.67° (c-0.15, dimethylsul f oxide) . 

2(e) (3aS , 12R. 12aS , 12bR) - 12 -Diethvlamino- 

2 . 3 . 3a. 4 . 11 . 12a. l2b-octahY dro-l0-hvdroxvisoquino- 

f 2 . 1 . 8-lmal carbazol- 5 f 1H) -o ne hydrochloride 

20 mg of the title compound was obtained from 18 mg 
of the compound obtained in Example 2 (b) employing a 
similar procedure to that described in Example 2 (d) and 
appropriate amounts of materials, the title compound 
melting at 108-110°C. 

Mass Spectrum (m/e) : 
352 (M*-HC1) . 

Infrared Absorption Spectrum (KBr), cm* 1 : 
3167, 1682, 1646. 

Mp 3 -14.29° (c=0.35, dimethylsulfoxide) . 
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E^AMPfrE 3 

(2aS.llR. llaS. llhR ^li-Amino-2,2a.3. 4.1Q.ll.ii a .nh- 

octahvdro-4>oxO'lH>cvclopent fde11ndolQf 3.2. l-ijlguinoline 

hydrochloride 

and 



(2aR,llS,llaR.llbS) - 11 -A mino- 2 .2a. 3.4 , 10. 11. lla. lib- 
octahydro- 4 -oxo- 1H- cvclope nt fdel indolo f 3 . 2 . 1 - ii 1 ouinoline 

hydrochloride 

3(a) 1- (2-Cyclopenten>l-yl)acet:Yl -4-methoxy-lH-indol>3- 
ca rboxa 1 dehyde 

Following a procedure similar to chat described in 
Example 1(a), but using 175 mg of 4-methoxy« 1JJ- indol - 
3-caboxaldehyde, 152 mg of 2- (2-cyclopenten-l-yl) acetyl 
chloride and 2.2 ml of a 0.5 M solution of potassium 
bis (trimethylsilyl) amide in 25 ml of dime thoxye thane as 
starting materials and other agents in appropriate 
amounts, 180 mg of the title compound was obtained as a 
white solid, melting at 104-105°C. 



Elemental analysis: 

Calculated for C 17 H 1? N0 3 : 

C, 72.07%; H, 6.05%; N, 4.94%. 
Found: C, 72,23%; H, 6.01%; N, 5.24%. 



Infrared Absorption Spectrum (KBr) , v cm" 1 : 

iticlX 

1723, 1683. 



Mass Spectrum (m/e) : 
283 (M + ) . 
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Nuclear Magnetic Resonance Spectrum (CDCe 
270 MHz) , b ppm: 3 

1.45-1.62 (1H, multiplet), 

2.17-2.55 (3H, multiplet), 

2.83-3.06 (2H, multiplet), 

3.19-3,37 (1H, multiplet), 

3.98 (3H, singlet) , 

5.67-5.84 (2H, multiplet), 

6.79 <1H, doublet, J=8Hz) , 

7.27 (1H, triplet, J»8Hz) , 

8.06 (1H, doublet, J=8Hz) , 

8.07 (1H. singlet), 
10.47 (1H, singlet) . 

3(b) Methvl (Z) -3- fi- 12 -cvclopen r.en-l-vl) acetyl - 4 - 
methoxv- 1H- indol • 3 -yl 1 pronenoatP 

Following a procedure similar to that described in 
Example Kb), but using 1.83 g of the compound obtained 
in Example 3(a), 1.4 ml of bis (2 , 2 , 2- trif luoroethyl) - 
(methoxycarbonylmethyl)phosphonate and a mixture of 
12.9 ml of a 0.5 M solution of potassium bis (trimethyl^ 
silyl) amide in toluene and 8.53 g of 18 -crown- 6 in 
161 ml of tecrahydrofuran as starting materials and 
other agents in appropriate amounts, 2.14 g of the title 
compound was obtained as a white solid, melting ac 
99-100°C. 

Elemental analysis: 

Calculated for C_,.H, _NO. : 
20 12 4 

C, 70.78%; H, 6.24%; N, 4.13%. 
Found: C, 70.78%; H, 6.38%; N, 4.14%. 

Infrared Absorption Spectrum (KBr) , v cm* 1 : 
1714. 
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Mass Spectrum (m/e) : 
333 (M*). 

Nuclear Magnetic Resonance Spectrum (CDC! 
270 MHz) , i ppm: 3 

1,57-1.69 (1H, multiplet), 

2.21-2.48 (3H, multiplet), 

2.94-3.15 (2H, multiplet), 

3.29-3.43 (1H, multiplet), 

3.77 (3H, singlet), 
3.95 (3H, singlet), 
5.77-5.86 (2H, multiplet), 
5.93 (1H, doublet, J-lOHz) , 

6.78 (1H, doublet, J*8Hz), 
7.3 (1H, triplet, J=8Hz) , 
7.87 (1H, doublet, J-lOHz) , 
8.16 (1H, doublet, J=8Hz), 
9.0 (1H, singlet). 

3(c) Methyl (2a, . 113 , lia. JJLba, n efl .i - 

2 , 2a, 3 , 4, 11 , %i 9 , nh, Uc-QCtahvdro-4-ox o -iH-cvclopent fdal • 
indplofB^.l-iilmiinolin-n-rf trboxvlar^ 

A solution of 2.13 g of the compound obtained in 
Example 3(b) in 20 ml of mesitylene was refluxed for 8 
hours, after which time the solvent was removed by 
evaporation under reduced pressure. The residue was 
chromatographed on silica gel using a 3 : 1 by volume 
mixture of cyclohexane and ethyl acetate as the eluent, 
and the resulting material was reprecipitated from a 
mixture of cyclohexane and methylene chloride. 2.09 g 
of the title compound was obtained as a white solid, 
melting at 182-183°C. 

Elemental analysis: 

Calculated for Cj-H- .NCK : 

20 21 4 



BNStXXItt <GB 22K68S*_I.» 
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C, 70.78%; H, 6.24%; N, 4.13%. 
Found: C, 70.42%; H, 6.22%; N, 4.14%. 

Infrared Absorption Spectrum (KBr) , * cm' 1 : 

max 

1728, 1676. 

Mass Spectrum (m/e) : 
339 (M + ) . 

Nuclear Magnetic Resonance Spectrum (CDC* 3 , 
270 MHz) , h ppm: 

1.49-1.76 (2H, multiplet), 

1.79-1.9 (1H # multiplet), 

2.1-2.25 (2H, multiplet), 

2.31-2.45 (2H, multiplet), 

2.48-2.61 (1H, multiplet), 

2.82 (1H, doublet of doublets, J=8&8Hz) , 

2.95-3.0 (1H, multiplet), 

3.81 (3H, singlet), 

3.92 (3H, singlet), 

3.92-4.01 (1H, multiplet), 

6.28-6.31 (1H, multiplet), 

6.62 (1H, doublet, J-8Hz) , 

7.27 {1H, triplet, J=»8Hz) , 

7.68 (1H, doublet, J=8Hz) . 

3(d) (2^a i ;;? J Ua^llb a< l^c3)- 

2 . 2a. 3 . 4 . 11 . 11a. lib. llc-Octah vdro-4 -oxo- IH-cvclooent f del - 
ladalfl f 3 , 3 . 1 ~ ii 1 qyijnoUn- 11-qarbgyylic ac id 

40 ml of a 30%. w/v aqueous solution of potassium 
hydroxide was added to a solution of 853 mg of the 
compound obtained in Example 3 (c) in 200 ml of 
methanol, and the resulting mixture was refluxed for 15 
minutes. The reaction mixture was cooled using an ice 
bath, after which ice and concentrated aqueous 
hydrochloric acid were added. Shortly after the 
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reaction mixture had been acidified, the solvent was 
removed by evaporation under reduced pressure, and Che 
crystals which precipitated out were collected by 
filtration to yield 797 mg of the title compound. 

Elemental analysis: 

Calculated for C 19 H ig N0 4 : 

C, 70.14%; H, 5.89%; N, 4.31%. 
Found: C. 70.01%; H, 5.93%; N, 4.28%. 

Infrared Absorption Spectrum (KBr) , v cm* 1 : 
1702, 1675. 



Mass Spectrum (m/e) : 
325 (M + ) . 

Nuclear Magnetic Resonance Spectrum (CDC* 3 , 
270 MHz) , 6 ppm: 

1.57-2.65 (9H, multiplet) , 

2.81-2.94 (1H, multiplet), 

2.98-3.05 (1H, multiplet), 

3.92-4.1 (1H, multiplet), 

3.95 (3H, singlet), 

6.43 (1H, singlet), 

6.69 (1H, doublet, J-8Hz) , 

7.3 (1H, triplet, J=8Hz) , 

7 .71 (1H, doublet, J=8Hz) . 

3(e) (2a« , llfl . llaa . libs ) - 2 . 2a . 3 . 4 . 10 . 11 . lla , 11b- 
Octahvdro- 4 - oxo- 1H- cvclopent f del indolo \ 3 . 2 . 1 • ii 1 crainol in- 
11-carboxvlic acid 



1 ml of 4N hydrogen chloride in dioxane. was added to 
a solution of 70 mg of the compound obtained in Example 
3(d) in 1 ml of. dioxane and the resulting mixture was 
stirred for 1 hour. Subsequently, the solvent was 
removed by evaporation under reduced pressure to give 
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70 mg of the title compound. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethylsulf oxide, 270 MHz), S ppm: 

0.98-1.19 (1H, multiplet), 

1.36-1.51 (1H, multiplet), 

1.77-1.96 (2H, multiplet), 

2.23-2.5 (1H, broad 9inglet), 

2.53-2.63 (1H, multiplet), 

2.84 (1H, doublet, J=12Hz), 

2.9-3.15 (4H, multiplet), 

3.18-3.26 (1H, multiplet), 

3.5 (1H, doublet, J»12Hz), 

3.91 (3H, singlet). 

6.73 (1H, doublet, J=8Hz) , 

7.22 (1H, triplet. J=8Hz) , 

7.97 (1H. doublet, J=8Hz). 

3(f> (2a$,llR,aiaS.llbR)-ll-Amino-2 .2a.3.4.10.11. lia.nb- 
octahvdro-4-oxo-lH-cvclopent f del indolo f3 . 2 . 1- ii 1 ouinoline 
hydrochloride 

and 

3(g) (2aR.llS.llaR.llbS)-ll-Ainino- 2.2a.3.4.10.11.11a.llb- 
octahvdro- 4 - oxo- 1 H- cvclopent fdel indolo f 3 . 2 . 1 - ii 1 quinol ine 
hydrochloride 

(i) A procedure similar to that described in Example 
1(f) was followed, but using, as starting materials. 
100 mg of the compound obtained in Example 3 (e) in 5 ml 
of acetone, 44 ^1 of ethyl chloroformate, 52 ?l of 
triethylamine and 30 mg of sodium azide in 100 ul of 
water. Other agents were used in the appropriate 
amounts. A solution of the resulting acid azide and 
37 ^1 of (R) -phenethyl alcohol in 2 ml of toluene was 
refluxed for 6 hours to give 2 diastereomers of che 
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carbamate compound. The less polar isomer was separated 
by Lobar chromatography (column size B, LiChroprep Si 
60), using a 3 : l by volume mixture of cyclohexane and 
ethyl acetate as the eluent. The resulting compound was 
treated with a preparation of 1M boron tribrornide in 
methylene chloride (236 ^1 in 236 ^1), following a 
procedure similar to that of Example Kg), to afford 
3 mg of one of the enantiomers having the following 
optical rotation characteristics: M^ 3 +70° 
(c=0.1, H 2 0) . 

(ii) The other enantiomer was obtained as follows. The 
mixture of the 2 diastereomers was first treated with 
boron tribrornide in a similar fashion to that described 
in (i) above, to afford 19 mg of a mixture of 
enantiomers, which were separated by HPLC ( column : CHIRAL 
CEL OD) , using a 95 : 5 by volume mixture of hexane and 
isopropanol as the eluent, at a flowrate of 1 ml/min, to 
yield l mg of each of the two enantiomers respectively. 

Retention times: 

the less polar compound: 22 minutes 
the more polar compound: 28 minutes 

The mixture of the two enantiomers had the following 
properties: 

Melting point >300°C. 

Infrared Absorption Spectrum (KBr) , cm" 1 : 
3310, 1716, 1682. 

Mass Spectrum (m/e) : 
282 (M*-HC1) . 

Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dime thylsulf oxide, 270 MHz) , fc ppm: 
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0.83-0.95 (1H, multiplet) , 
1.27-1.39 (1H, mulciplet) , 
2.47-2.59 {2H, mulciplet), 
2.63 (1H, doublet, J=8H2) , 
2.67-2.77 (2H, mulciplet), 
3.07 (1H, doublet, J=8Hz) , 
3.16-3.27 (4H, multiplet), 
3.63-3.77 (1H, broad singlet), 
6.7 (1H, doublet, J=8 Hz), 
7.11 (1H, triplet, J=8Hz) , 
7.67 (1H, doublet, J=8Hz) . 



Examnle 4 

( 2S . 3aR) - 2 -Amino- 1 . 2 . 3 . 3a . 4 . 5 -hex ahydro - 6H- pvrido- 
f3 . 2 . 1-ikl carbazol-6-one h ydrochloride 

and 

( 2R . 3aS ) - 2 • Amino- 1 , 2 . 3 , 3a , 4 . S • hexahydro • 6H- pyr ido • 
[3,-2, 1-jkl carbazol-6-pne hydrochloride 

4(a) 1- (4-Pentenovl) -lH -indol-3-carboxaldehvde 

Following a procedure similar to that of Example 
1(a), but using 2.9 g of indol - 3 - caboxaldehyde as 
starting material, and other agents in appropriate 
amounts, 4.17 g of the title compound was obtained, 
melting at 103-104°C. 

Elemental analysis: 

Calculated for C, .H...N0,: 

14 13 2 
C, 73.99%; H, 5.77%; N, 6.16%. 

Found: C, 74.11%; H, 5.72%; N, 6.17%. 
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Infrared Absorption Spectrum (KBr), v mav cm" 1 : 
1720, 1675. 

Mass Spectrum (m/e) : 
227 (M*) . 

Nuclear Magnetic Resonance Spectrum (CDC» 
270 MHz) , & ppm: 3 ' 

2.83 (2H, quartet, J=7Hz) , 
3.09 (2H, "triplet, J=7Hz) , 
5.09 (1H, doublet, J-lOHz) , 
5.15 (1H, doublet, J=i7Hz) , 
5.83-6.01 (1H, multiplet) , 
7.39 (1H, triplet, J»8Hz) , 
7.44 (1H, triplet, J*8Hz), 
8.08 (1H, singlet), 
8.26 (1H, doublet, Jo8Hz) , 
8.4 (1H, doublet, J=8Hz) , 
10.1 (1H, singlet) . 

4{b > Methyl fZ) -3- fl- (4-penrPnovl) -IH.-inrir.T -^ Y 7 j 
propenoatt> 



Following a procedure similar to that described in 
Example Kb), but using a solution of 1.2 g of the 
compound obtained in Example 4 (a) , as the starting 
material, and other agents in appropriate amounts, 
1.46 g of the title compound was. obtained, melting at 
79-80°C. 

Elemental analysis.: 

Calculated for C 1? H 17 N0 3 : 

C, 72.07%; N, 6.05%; N, 4.94%. 
Found: C, 72.20%; H, 6.15%; N, 4.75%. 

Infrared Absorption Spectrum (KBr), v cm* 1 : 
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Ma99 Spectrum (m/e) : 
283 (M + ) . 

Nuclear Magnetic Resonance Spectrum (CDC« 3 , 
270 MHz) , 6 ppm: 

2.65 (2H, quartet, J=7Hz) , 
3.18 (2H, triplet, J=7Hz) , 
3.8 (3H, singlet), 

5.11 (1H, doublet, J-iOHz) , 
5.2 (1H, doublet, J»17Hz) , 
5.91-6.03 (1H, multiplet) , 
6.05 (1H, doublet, J»10Hz ), 
7.18 (1H, doublet, J»10Hz) , 
7.37 (1H, triplet, J=8Hz) , 
7.41 (1H, triplet, J»8Hz), 

7.66 (1H, doublet, J=8Hz) , 
8.53 (1H, doublet, J=8Hz) , 

9.12 (1H, singlet). 

4<c) Methyl (2a,3ap,llca) -2,3,3a,g,6,;i4c.hexahYdrp- 
6 - oxo- 4H- pvrido f 3 . 2 . 1 - ikl carbazol - 2 - carboxvlate 

A suspension of 5.71 g of the compound obtained in 
Example 4(b)' in 50 ml of me9itylene was refluxed for 4 
days, and the title compound was obtained following a 
similar purification procedure as that described in 
Example 3(c), in a yield of 3.91 g, melting at 137-139"C. 

Elemental analysis: 

Calculated for C 17 H 17 N0 3 : 

C, 72.07%; H, 6.05%; N, 4.94%. 
Found: C, 71.80%; H, 6.16%; N, 4.90%. 

Infrared Absorption Spectrum (KBr) , cm" 1 : 
1736, 1647. 
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Mass Spectrum (m/e) : 
283 <M*) . 

Nuclear Magnetic Resonance Spectrum (CDCj 3 , 
270 MHz) , 6 ppm: 

1.61-2.14 (4H, multiplet), 

2.13- 2.31 (1H, multiplet), 
2.55-2.81 (2H, multiplet), 
3.57-3.69 (1H, multiplet), 
3.79 (3H, singlet), 

4.14- 4.21 (1H, multiplet), 
5.88-5.91 (1H, multiplet), 
7.09 (1H, triplet, J»8Hz) . 
7.29 (1H, triplet, J=8Hz) , 
7.43 (1H, doublet, J»8Hz) , 
8.1 <1H, doublet, J»8 Hz). 

4(d) Methvl (2a.3a6) -2.3. 3a.4.5.6.hexahvdro-6-Qx Q - 
lH-pyrido f 3 . 2 . 1 • ikl carbazol -2 - carboxvlaea 

A suspension of 2 g of the compound obtained in 
Example 4(c) and 1 g of 10% w/w palladium on carbon in 
100 ml of ethanol was refluxed for 0.5 hour. The 
catalyst was subsequently filtered off and the solvent 
was removed by evaporation under reduced pressure to 
afford 1.9 g of the title compound, melting at 125-I27°c. 

Elemental analysis: 

Calculated for C 17 H 1? N0 3 : 

C, 72.07%; H, 6.05%; N, 4.94%. 
Found: C, 72.27%; H, 6.11%; N, 4.93%. 

Infrared Absorption Spectrum (KBr) , v cm" 1 : 
1738, 1791. 



Mass Spectrum (m/e) : 
283 (M*) . 
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Nuclear Magnetic Resonance Spectrum (CDCtj, 
270 MHz) , 6 ppm: 

1.55-1.79 (1H, multiples, 

2.14-2.22 (1H, multiplet) , 

2.43-2.52 (1H, multiplet), 

2.71-3.12 (6H, multiplet), 

3.79 (3H # singlet), 

7.21-7.34 (2H, multiplet), 

7.41 (1H, doublet, J=8Hz) , 

8.39 (1H, doublet, J*8Hz) . 

4(e) (2a. 3a3) -2.3.3a,4,5.6-Hexahvd ro-6-oxo-lH- 
pyr ido f 3 , 2 . 1 - i kl carbazol - 2 - carboxyl ic acid 

Following a procedure similar to that of Example 
1(e), but using 900 mg of the compound obtained in 
Example 4(d), and other agent9 in appropriate amounts, 
738 mg of the title compound was obtained, melting at 
274-275°C. 

Elemental analysis: . . 

Calculated for C lg H 15 N0 3 : 

C, 71.36%; H, 5.61%; N, 5.20%. 
Found: C, 71.27%; H, 5.66%; N, 5.24%. 

Mass Spectrum (m/e) : 
269 (M*) . 

4(f) f IS ) - Phenethvl - N- f ( 2S , 3aR ) - 2 , 3 , 3a . 4 , 5 , 6 - hexahycjro - $ - 
oxo-lH-pvridof3,2.1-ik1 carbazol -2 -v ll carbamate 

and 

4(g) t IS) -Phenethvl -N- M2R. 3aS) -2 , 3 , 3a , 4 , 5 , 6 - hsxahydrq- 6 - 
QXo-lH-pyridof3 , 2.1 - i kl carba zol -2 -vl 1 carbamate 



Following a procedure similar to that of Exar.ple 
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3(g), buc using 272 mg of Che compound obtained in 
Example 4(e), a mixture of the title compounds was 
obtained. The mixture was purified by Lobar 
chromatography using a l : 3 by volume mixture of 
cyclohexane and ethyl acetate as the eluent to afford 
each of the title compounds. 

The less polar compound was obtained in a yield of 
160 mg, melting at 149-151°C. 

23 

[aJ D -86.79° (c=0.84, trichloromethane) . 

Elemental analysis: 

Calculated for C 2 4 H 24 N 2°3 - 1/2H 2 0: 

C, 72.52%; H, 6.34%; N, 7.07%. 
Found: C, 72.82%; H, 6.45%; N, 6.75%. 

Infrared Absorption Spectrum (KBr) , v cm" 1 : 

max 

1698, 1688. 

Mass Spectrum (m/e) : 
388 (M*) . 



Nuclear Magnetic Resonance Spectrum (CDCi 
270 MHz) , b ppm: 

1.55-1.75 (1H, multiplet) , 

1.56 (3H, singlet). 

2.08- 2.09 (1H, multiplet), 
2.31-2.42 (2H, multiplet), 
2.76-2.82 (2H, multiplet), 
2.94-3.09 (1H, multiplet), 
3.17-3.26 (1H, multiplet), 

4.09- 4.23 (1H, multiplet), 
4.81-4.9 (1H, multiplet) , 
5.79-5.91 (1H, multiplet), 
7.26-7.4 (9H, multiplet) , 
8.37 (1H, doublet, J=8Hz) . 
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The more polar compound was obtained in a yield of 
150 mg, melting at 192-193°C. 

23 

M D +37.43° (c«l.05, trichlorome thane) . 

Elemental analysis: 

Calculated for C.-H-.N.O- : 
24 24 2 3 

C, 74.21%; H, 6.23%; N, 7.21%. 
Found: C, 74.23%; H, 6.30%; N, 7.24%. 

Infrared Absorption Spectrum (KBr) , v cm* 1 : 

max 

1699, 1686. 

Mass Spectrum (m/e) : 
388 (M*) . 

Nuclear Magnetic Resonance Spectrum (CDC*^, 
270 MHz) , 6 ppm: 

1.55-1.86 (1H, multiplet), 

1.58 (3H, singlet) , 

2.12-2.21 <1H, multiplet), 

2.31-2.49 (2H, multiplet) , 

2.75-2.82 (2H, multiplet), 

2.96-3.21 (2H, multiplet), 

4.07-4.23 (1H, multiplet), 

4.81-4.9 (1H, multiplet), 

5.79-5.91 (1H, multiplet), 

7.26-7.4 (9H, multiplet), 

8.37 (1H, doublet, J=8Hz) . 



BNSDOCiD: <GB 2292685A__L> 
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4(h > (2S,3afr) *2-Amino-l t 2.3,3a.4.S>hftx a hvdrQ-6H.p Y r^^. 
,[3,^ t l-i)c1 carbazol - g . one hvdnrnrhl nri flg 

and 

4 <i> (?R,3ag? '2>Amino-l < 2.3.3a.4. ^hexahydro-6H-P Y riHn. 
LLu3 i l-iklcarbazol-S-one hydor^hloride 

A suspension of 160 mg of the less polar compound 
obtained in Example 4(f) and 100 mg of 10% w/w palladium 
on carbon in 10 ml of ethanol containing l ml of 
concentrated aqueous hydrochloric acid was stirred under 
a hydrogen atmosphere for 3 hours. After this time, the 
catalyst was filtered off and the solvent was removed by 
evaporation under reduced pressure. The residual solid 
was reprecipitated from a mixture of methanol, ethyl 
acetate and isopropyl ethyl ether to afford 62 mg of one 
enantiomer. Following a similar procedure, but starting 
with 150 mg of the more polar compound, 92 mg of the 
other enantiomer was obtained. 

The properties of the enantiomer obtained from the Less 
polar compound obtained in Example 4(f) were as follows: 

Melting point: 279-281°C. 
[a]£ 3 -103.3° (c-0.09, H 2 0). 

Infrared Absorption Spectrum (KBr) , v cm"" 1 : 

max 

3448, 1693. 

Mass Spectrum (m/e) : 
240 (M + -HC1). 

Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethylsulf oxide, 270 MHz) , 6 ppm: 
1.57-1.77 (2H, multiplet), 
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2.1-2.17 (1H, multiplet) , 
2. 35- 2,4 (1H, multiplec), 
2.61-2.74 (2H, multiplec), 
2.86-2.96 (1H, multiplec) , 

3.05- 3.15 (2H, mulciplec), 

3.6- 3.72 (1H, broad singlec) , 
7.25-7.33 (2H, mulciplec) , 
7.47-7.52 (1H, mulciplec) , 
8.22-8.2 7 (1H, mulciplec) , 
8.35-8.55 (2H, broad singlet). 

The properties of the enantiomer obtained from the more 
polar compound obcained in Example 4(f) were as follows: 

Melting point: 263-265°C. 

[a] J 3 +110° (C=0.11, H 2 0) . 

EXAMPLE 5 

(2a, 3a6) -2-AminomethYl-l,2. 3, 3a, 4 . 5 -hexahydro- 6H- 
pyrido f 3 , 2 , 1 - i kl carbazol - 6 - one hydrochloride 

5(a) (2a , 3a3) -2-Hvdroxvmethvl- 1 , 2 , 3 . 3a, 4 . 5-hexahvdro- 
6H-pyr idp f 3 , 1 , 1 - j k] carfrazpj - 6 - qng 

742 til of a 1M solution of diborane complexed in 
tetrahydrofuran wa9 added to a solution of 0.1 g of che 
compound obtained in Example 4(e) in 5 ml of 
tetrahydrofuran, at 0°C. The reaction mixture was 
stirred for 2 hours at room temperature, poured into 
water, and extracted with ethyl acetate. After drying 
over anhydrous sodium sulfate, the solvent was removed 
by evaporation under reduced pressure and the residue 
was chromatographed on silica gel using a 1 : 3 by 
volume mixture of cyclohexane and ethyl acetate as che 



BNSDOCIO. <CB 2292685A_L> 
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eluent, to give 71 mg of the title compound as a solid, 
melting at 152-154^. 

Elemental analysis: 

Calculated for C 16 H 17 N0 2 : 

C, 75.27%; H, 6.71%; N, 5.49%. 
Found: C, 75.11%; H # 6.89%; N, 5.34%. 

Infrared Absorption Spectrum (KBr) , v cm" 1 : 
3531, 1689, 1635. 

Mass Spectrum (m/e) : 
255 (M + ) . . 

Nuclear Magnetic Resonance Spectrum (CDC8 3 , 
270 MHz) , b pptn: 

1.21-1.41 (1H, multiplet), 

1.65-1.82 (1H, multiplet), 

2.19-2.47 (4H, multiplet), 

2.S-3.09 {5H, multiplet), 

3.7-3.85 (2H, multiplet) , 

7.28-7.4 (2H, multiplet), 

7.47 (1H, doublet, J=8Hz), 

8.42 (1H, doublet, J=8Hz) . 

5(b) (3a , 3ap ) • 2 -Methanesul f onvloxvm e thvl - l . 2 , 3 . 3a , 
4 , 5 -hexahvdro- 6H-Pvr ido f 3 . 2 . l - -He ) carbazol - 6 . on>» 

A mixture of 237 mg of the compound obtained in 
Example 5(a), 108 jil of methansulfonyl chloride and 
3 ml of pyridine was stirred for 3 hours. After this 
time, the reaction mixture was poured into water, and 
extracted with ethyl acetate. The extract was dried 
over anhydrous sodium sulfate and the solvent was 
removed by evaporation under reduced pressure. The 
resulting residue was then purified by silica gel 
chromatography, using a 1 : 1 by volume mixture of 
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cyclohexane and ethyl acetate as the eluent, to afford 
250 mg of the title compound. 

Infrared Absorption Spectrum (KBr) , v cnf 1 - 

max 

1701, 1636. 

Mass Spectrum (m/e) : 
333 <M*) . 

Nuclear Magnetic Resonance Spectrum (CDCe^, 
270 MHz) , 6 ppm: 

1.3-1.42 (1H, multiplet), 

1-6-1.82 (1H, multiplet), 

2.12-2.55 (4H, multiplet), 

2.74-3.0 (4H, multiplet), 

3.1 (3H, singlet), 

4.15-4.4 (2H, multiplet), 

7.23-7.32 UH, multiplet), 

7.41 (1H, doublet, J=8Hz), 

8.39 (1H, doublet, J»8Hz) . 

5 (c) ( 2 a , 3a Q ) - 2 - Az idome t hvl -1.2. 3. 3a, 4, 5- hexahydro - 
6H-pyridof3,2. l-ikl carbazole-6-one 

A suspension of 240 mg of the compound obtained in 
Example 5(b), 143 ml of trimethylsilyl azide, 454 mg of 
tetrabutyl ammonium fluoride, and a catalytic amount of 
molecular sieve 4A in 10 ml of tetrahydrofuran was 
refluxed for 2 hours. After removing the molecular 
sieve by filtration, the mixture was poured into water 
and extracted with ethyl acetate. The extract was dried 
over anhydrous sodium sulfate and the solvent was 
removed by evaporation under reduced pressure. The 
resulting residue was chromatographed on silica gel, 
using a 3 : 1 by volume mixture of cyclohexane and ethyl 
acetate as the eluent, to afford 170 mg of the title 
compound as a white solid. 
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Infrared Absorption Spectrum (KBr) , v max cnf 1 : 
2100, 1701, 1637. 

Mass Spectrum (m/e) : 
280 (M + ). 

Nuclear Magnetic Resonance Spectrum (CDCfi 3 , 
270 MH2) , b ppm: 

1.3-1.42 (1H, multiplet) , 

1.69-1.91 (1H, multiplet), 

2.2- 2.49 (4H, multiplet), 
2.81-3.1 (4H, multiplet), 
3.47-3.61 (2H, multiplet), 

7.3- 7.4 (2H, multiplet) , 
7.42-7. SI (1H, multiplet), 
8.42-8.48 (1H, multiplet). 

5(d) ( 2 3 . 3a 3 ) : 2 = Aminomethvl -1.2. 3. 3a ,4.5- hexahvdro - 
6H - pvrido f 3 . 2 , 1 - j k] carbazo l - 6 - one hvdrochl oride 

A suspension of 170 mg of the compound obtained in 
Example 5(c) and 170 mg of 10% w/w palladium on carbon 
in 10 ml of ethanol containing 1 ml of concentrated 
aqueous hydrochloric acid was stirred under a hydrogen 
atmosphere for 3 hours. After this time, the catalyst 
was removed by filtration, and the solvent was removed 
by evaporation under reduced pressure. The resulting 
residue was reprecipitated from a mixture of methanol 
and ethyl acetate to afford 131 mg of the title 
compound, melting at 257-259°C. 

Infrared Absorption Spectrum (KBr), * cm" 1 : 

max 

3380, 1715, 1699. 



Mass Spectrum (m/e) : 
254 (M*-HC1). 



Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethyl sulfoxide, 270 MHz), 6 ppm: 

1.07-1.14 <1H, multiplet), 

1.78-1.87 (1H, multiplet). 

2.02-2.07 (ih, multiplet), 

2.09-2.2 (3H, multiplet), 

2.82-2.87 (1H, multiplet), 

2.9-3.03 (6H, multiplet), 

7.13-7.16 (2H, multiplet), 

7.18-7.23 (1H, multiplet), 

8.05-8.15 (3H, multiplet). 



EXAMPLE 6 , 

(2^, 3a3.11t?a. Ilea) -2- Amino- 1 . ? . V3a.4.5.nh .nr. 
OCtahYdro- fiH-Pvr ido f 3 7 l . -j k1 m rh* 2Ql . 6 . QnP 
hydrochlor-i 

and 

(2 a ,3a3.llb3 .Ilea) -2.Am^ no-l . 2 .3 . 1a.4. s . lih . 1 1 r. 
OCtahYdro- 6H-Pvrido f 3 , 2 , 1 - -ilel carba*r>1 - 6 . on g hyrirochloririp - 

6 ( a ) Methvl (2a ■ 3a9 . lib, , Ilea )-2.3.3a.4.B.S.11h. 
llC-OCtahvdro-6-oxo-lH-OYriri of3 .2.1--ik1carbagr>l - 
carboxylase 

and 

6(b) MethYl f 2a . 3a3 . llbB . 11 ca ) - 2 . 3 . 3a . 4 . S . 6 . lib . 
lie- octahydro - 6 - qxq - 1H- pyrido f 3 , 2 . 1 - i kl carba zol - 7 - 
carboxylase 



A suspension of 1.5 g of the compound obtained in 
Example 4(c) and 0.1 g of 10% w/w palladium on carbon in 
a mixture of 25 ml each of tetrahydrofuran and ethanol 
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wa9 stirred under a hydrogen atmosphere for one day. 
After this time, the catalyst was removed by filtration, 
and the solvent was removed by evaporation under reduced 
pressure. The resulting residue was purified by Lobar 
chromatography using a 1 : 3 by volume mixture of 
cyclohexane and ethyl acetate as the eluent, co afford 
the title compounds separately. 

The less polar compound was obtained in a yield of 
520 mg, melting at 160-161°C. 

Elemental analysis: 

Calculated for c 1? H 19 N0 3 : 

C, 71.56%; H, 6.71%; N, 4.91%. 
Found: C, 71.41%; H, 6.72%; N, 4.94%. 

Infrared Absorption Spectrum (KBr) , v cm" 1 : 

max 

1738, 1649. 

Mas9 Spectrum (m/e) : ' 
285 (M + ) . 

Nuclear Magnetic Resonance Spectrum {CDCfi 3 , 
270 MHz) , 6 ppm: 

1.4-1.66 (3H, multiplet) , 

1.9-2.11 <3H, multiplet), 

2.13-2,25 (1H, multiplet), 

2.48-2.61 (1H, multiplet), 

2.65-2.88 (2H, multiplet), 

3.52-3.63 (1H, multiplet) , 

3.73 {3H, singlet), 

3.82 (1H, triplet, J-8Hz) , 

7.04 {1H, triplet, J»8Hz) , 

7.15-7.23 (2H, multiplet), 

8.09 (1H, doublet, J=8Hz) . 



BNSOOCID: <GB 2292685A_L» 
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The more polar compound was obtained in a yield of 
470 mg # melting at 176-178°C. 

Elemental analysis: 

Calculated for C 1? H 19 N0 3 : 

C, 71.56%; H, 6.71%; N, 4.91%. 
Found: C, 71.54%; H, 6.78%; N, 4.99%. 



Infrared Absorption Spectrum (KBr) , cm" 1 : 
1733, 1648. 

Mass Spectrum (m/e) : 
285 (M*) . 

Nuclear Magnetic Resonance Spectrum (CDCi^, 
270 MHz) , b ppm: 

1.4-1.67 (2H, multiplet), 

1.68-2.05 (3H, multiplet) , 

2.24-2.33 (1H, multiplet), 

2.56-2.76 (4H, multiplet), 

2.79-2.91 (1H, multiplet), 

3.13 UH, triplet, J=10Hz) , 

3.74 (3H, singlet) , 

7.08 (1H, triplet, J=8Hz) , 

7.15-7.25 (2H, multiplet), 

8.04 (1H, doublet, J=8Hz) . 

6(C) (2a.3aQ.llb:r.llc:i) ^^ ^a^.S.e^llb.llc- 
Octahvdro-e-oxo-lH-Dvridors ^. l-ikl carbazol -2-carboxylic 
aci^ 

A mixture consisting of the whole of the less polar 
compound obtained in Example 6(a) together with 9 ml of 
IN aqueous sodium hydroxide was stirred at room 
temperature for 3 hours. After this time, the reaction 
mixture was acidified with IN aqueous hydrochloric acid 
at 0°C, and the solution was concentrated under reduced 
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pressure. The precipitated crystals were collected by 
filtration to afford 454 mg of the title compound. 

Elemental analysis: 

Calculated for C l6 H l7 N0jl/4H 2 0: 

C. 69.67%; H, 6.39%; N, S.08%. 
Found: C, 69.56%; H, 6.21%; N, 4.93%. 

Infrared Absorption Spectrum (KBr) , v cm" 1 : 
3183. 1736. 1631. 

Mass Spectrum (ra/e) : 
271 (M + ). 

6(d) (2 a .3aB.llbB.lle a ).2.3.3a.4.S.6.11b.llc. 

Qct?hydro-6- OXQ-lH-pvridof3.2 .l- i k 1 carba20l-2-carboxvlic 
acid 

Following a procedure similar to that of Example 
6(c), 373 mg of the title compound was obtained from 
430 mg of the more polar compound obtained in Example 
6(a). 

Elemental analysis: 

Calculated for C^H^NO^ 

C, 70.83%; H, 6.32%; N, 5.16%. 
Found: C, 70.S2%; H, 6.33%; N, 5.08%. 

Infrared Absorption Spectrum (KBr), * cm" 1 : 

max 

3210. 1732, 1634. 

Mass Spectrum (m/e) : 
271 (M*) . 
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6(e) Benzvl.w.f p, p a o lib, . lie* ) - 2 . 3 . 3a. 4 . 5 . 6 . 

ll^,Hc»ortah Y ^r».g. p yn.iH-Dvridof3.2.1»ilclcarba7n1 Q.vl ) ■ 
carbamate 

Following a procedure similar to that of Example 
1(f), but using 400mg of the compound obtained in 
Example 6(c), and other agents in appropriate amounts, 
510 mg of che title compound was obtained. 

Elemental analysis: 

Calculated for C 23 H 24 N 2 Ojl/3H 2 0: 

C, 72.23%; H, 6.50%; N, 7.32%. 
Found: C, 72.39%; H, 6.23%; N, 7.32%. 

Infrared Absorption Spectrum (KBr) , v cm" 1 : 

max 

1717, 1655. 



Mass Spectrum (m/e) : 
376 (M + ) . 

Nuclear Magnetic Resonance Spectrum (CDC! 
270 MH2) , i ppm: 

0.85-1.04 (1H, multiplet) , 

1.4-1.6 (2H, multiplet) , 

1.84- 2.03 (2H, multiplet), 
2.1-2.34 (2H, multiplet), 
2.47-2.8 (2H. multiplet), 
3.53-3.65 (1H, multiplet), 
3.8 (1H, triplet. J=10Hz) , 

3.85- 4.05 (1H, multiplet), 
4.65-4.84 (1H, broad singlet), 
5.12 (2H, singlet), 

7.06 (1H, triplet, J=8Hz) , 
7.12-7.43 (7 H, multiplet), 
8.1 (1H. doublet, J=8Hz) . 
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6(f) B^Vl -N- r (2 a . 3aS llb3 . llc» )-2.3.3a.4.S.6. 
llb,llC-octahvdr ft .fi. Q x Q -lH-Pvridof3.2.1-ik1earb a2 nl.?. Y n . 
carbamate 

Following a procedure similar to chat of Example 
1(f), but using 300mg of the compound obtained in 
Example 6(d), and other agents in appropriace amounts, 
400 mg of the title compound was obtained. 

Elemental analysis: 

Calculated for C 23 H 24 N 2 C>3l/4H 2 0: 

C, 72.52%; H, 6.48%; N, 7.35%. 
Found: C, 72.47%; H, 6.50%; N, 7.29%. 

Infrared Absorption Spectrum (KBr) , v cm' 1 : 
. 1717, 1645. 

Mass Spectrum (m/e) : 
376 (M + ) . 

Nuclear Magnetic Resonance Spectrum (CDC8 3 , 
270 MHz) , 6 ppm: 

1.1-1.3 (1H, multiplet), 

1.39-1.6 (2H, multiplet), 

1.9-2.05 (2H, multiplet), 

2.26-2.38 (1H, multiplet), 

2.57-2.75 (3H, multiplet), 

2.85-3.01 (1H, multiplet), 

3.12 (1H, triplet, J=10Hz) , 

3.8-4.02 (1H, broad singlet), 

4.74-4.84 (1H, multiplet), 

5.14 (2H, singlet), 

7.08 (1H, triplet. J=8Hz) , 

7.12-7.4 (7H, multiplet) , 

8.02 (1H, doublet, J=8Hz) . 
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6(9) (ay.3a3.llbat.llci) -2-Amino-l. 2 . 3 . 3a. 4 . 5 . 

llb,llC-octahvdro-6H>Pvridor3.2.lok1e arba2Ql-6-Qne 
hydrochloride 

Following a procedure similar to that of Example 
5(d), but using 480mg of the compound obtained in 
Example 6(e), and other agents in appropriate amounts, 
353 mg of the title compound was obtained, melting at 
155-157°C. 

Infrared Absorption Spectrum (KBr) , * max cm" 1 : 
3402, 1728, 1630. 

Mass Spectrum (m/e) : 
242 (M*-HC1>. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethylsulf oxide, 270 MHz) , 6 ppm: 

1.4-1.5 (2H, multiplet), 

1.8-2.4 (6H, multiplet) , 

2.66-2.91 (2H, multiplet), 

3.3-3.42 (1H, multiplet), 

3.7-3,81 (1H, multiplet) , 

3.95 (1H, triplet, J=10Hz) , 

6.95-7.1 (2H, multiplet), 

7.13-7.22 (2H, multiplet), 

7.9 (1H, doublet, J=8Hz) . 

6(h) (2a.3a3. llbS.llc*) -2-Amino-1.2 . 3 . 3a, 4 . 5. 

Hb < ^l?-ogt^hYdro-6H-pYirido[3,2 l l-j^1carbaz<?;-6-ong 

hydrochloride 

Following a procedure similar to that of Example 
5(d), but using 340 mg of the compound obtained in 
Example 6(f), and other agents in appropriate amounts, 
248 mg of the title compound was obtained, melting at 
282-285°C. 
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Infrared Absorption Spectrum (KBr) , v cm" 1 : 
3421, 1718, 1654. ^ 

Mass Spectrum (m/e) : 
242 <M + -HC1). 

Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethylsulfoxide, 270 MHz) , t ppm: 

1.25-1.7 (3H, multiplet), 

1.86-2.29 (3H, multiplet), 

2.38-2.68 {3H, multiplet), 

2.8-3.18 (2H, multiplet), 

3.26 (1H, triplet, J=10Hz) , 

3.25-3.49 (2H, multiplet), 

6.96-7.11 (1H, multiplet), 

7.15-7.31 <2H, multiplet), 

7.85 (lHi doublet, J=8Hz) . 



EXAMPLE 7 
7-1 

(3aR, 12R, 12aR. 12bS) -1 . 2 . 3 . 3a . 4 . 5 . 11 . 12 . 12a. 12b-Decahvdro- 
1Q • hydroxy- 5 - oxoisoouino f 2 , 1 . 8 - lmal e a rbazol -12- carboxvl ie 

acid 

A suspension consisting of 150 mg of {3aR, 12R, l2aR, 
12bS) - 1 , 2 , 3 , 3a, 4 , 5 , 11 , 12 , 12a, 12b-decahydro- 10 -benzyloxy- 
5-oxoisoquino[2,l,8-lma]carbazol-12-carboxylic acid and 
150 mg of 10% w/w palladium on carbon in a mixture of 
3 ml of ethanol, 88 ?l of pyridine and 5 ml of a in 
solution of aqueous sodium hydroxide was stirred for 3 
hours under a hydrogen atmosphere. After this time, the 
catalyst was removed by filtration, the solution was 
acidified with IN aqueous hydrochloric acid and then 
stirred for a further 1 hour. The reaction mixture was 
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concentrated under reduced pressure, and the 
precipitated crystals were collected by filtlation to 
afford 92 mg of the title compound, melting an 284-287°c. 

la]" +92.05° (c=0.73, dimethylsulfoxide) . 

Elemental analysis: 

Calculated for C^H^NO^O: 

C, 66.46%; H, 6.16%; N, 4.07%. 
Found: C, 66.89%; H, 6.46%; N, 3.99%. 

Infrared Absorption Spectrum (KBr) , cm" 1 : 
3410, 1698, 1634. 

Mass Spectrum (m/e) : 

353 (M%H 2 0> ; 325 (M + ) . 

Nuclear Magnetic Resonance Spectrum (tetradeuterated 
methanol, 270 MHz), b ppm: 

0.77-0.93 (1H, multiplet), 

1.19-1.3 (1H, multiplet), 

1.32-1.51 (1H, multiplet), 

1.52-1.65 (2H, multiplet) , 

1.67-1.76 (1H, multiplet), 

2.17-2.3 (1H, multiplet), 

2.49-2.62 (2H, multiplet), 

2.85-3.07 (3H, multiplet), 

3.14-3.32 (1H, multiplet). . 

3.4-3.53 UH, multiplet), 

6,61 (1H. doublet, J=8Hz) , 

7.0 (1H, triplet, J=8Hz) , 

7.75 (1H, doublet, J=8Hz) . 
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7-2 

Methyl {3aR.12q, i?*R. 12bS) -1. 2. 3 ,3a.4. 5 . 11. 12 . 12a . I9h- 
decahvdro- 10 : hydroxy- 5 - oxoisoouino f 2 . 1 , 8 : lma 1 carbazol .iy 

7 '2(a) Methvl (3aR.12R-.12aR.12bS) -1.2 .3 . 3a .4.5. 11. 12.13a 
13b-<?ecahvdro-10-benrvloxv-5-oxoi3oqui no f2 , 1 , 8- lma] - 
carbazol - 12 - carboxylate 

A suspension consisting of 2.0 g of (3aR, 12R, 12aR, 
12bS) -1,2, 3, 3a, 4, 5,ll,12,12a,12b-decahydro-10-benzyloxy- 
5-oxoisoquino[2, l # 8-lma] carbazol- 12- carboxylic acid and 
702 pil of thionyl chloride in 48 ml of methylene 
chloride was refluxed for 1.5 hour under a nitrogen 
atmosphere. Subsequently, the solvent was removed by 
evaporation under reduced pressure. 10 ml of methanol 
and 38 ml of pyridine were added to the resulting 
residue and the mixture was then stirred for a further 
1.5 hours. After this time, the reaction mixture was 
poured into IN aqueous hydrochloric acid and extracted 
with ethyl acetate. The extract was washed with brine, 
dried over anhydrous sodium sulfate, and the solvent was 
removed by evaporation under reduced pressure. The 
residue was chromatographed on silica gel using a 3 : 1 
by volume mixture of cyclohexane and ethyl acetate as 
the eluent, to afford 0.79 g of the title compound. 

Infrared Absorption Spectrum (KBr) , v cm" 1 : 

max 

1718. 

Mass Spectrum (m/e) : 
429 (M + ). 

Nuclear Magnetic Resonance Spectrum (CDC« 3 , 
270 MHz) , h ppm: 

0.86-1.03 (1H, multiplet). 
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1.13-1.4 (2H, multiplet) , 

1. 49-1,76 (2H, multiplet), 

2.17-2.29 (1H, multiplet), 

2.48-2.59 <2H, multiplet), 

2.62 (1H, doublet of doublets, J»2&17Hz) , 

2.85-3.0 (3H, multiplet), 

3.09-3.17 (1H, multiplet), 

3.49 (1H, doublet of doublets, J=2&17Hz) , 

3.7 (3H, singlet) , 

5.17 (2H, singlet) , 

6,77 (1H, doublet, J-8Hz) , 

7.18 (1H, triplet, J=8Hz) , 
7.3-7.51 (5H, multiplet), 
8.01 (1H, doublet, J«8Hz) . 

7-2(b) Methvl (3aR.l2R.l2aR .12bS) - 1 . 2 , 3 , 3a . 4 , 5 . 11 , 12 t 12& « 
12b-decahydro-10-hv droxv-5-oxoisoauinof2 t 1, 8-lma] carbazol- 

12-carboxylate 

Following a procedure similar to that of Example 
6(a), but using 160 mg of the compound obtained in 
Example 7-2 (a), and other agents in appropriate amounts, 
83 mg of the title compound was obtained, melting at 
255-258°C. 

U]£ 3 +101.12° (c-0.98, dimethylsulfoxide) . 

Elemental analysis: 

Calculated for c 2 o H 21 N0 4 : 

C, 70.78%; H, 6.24%; N, 4.13%. 
Found: C, 70.70%; H, 6.44%; N, 4.12%. 

Infrared Absorption Spectrum (KBr) , v max cm 1 : 
3350, 1731, 1677. 

Mass Spectrum (m/e) : 
339 <M + ). 
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Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethylsulf oxide, 270 MHz) , h ppm: 

0.61-0.79 (1H, multiplet) , 

0.95-1.14 (1H, multiplet) , 

1.22-1.41 (1H, multiplet), 

1.48-1.69 (3H, multiplet), 

2.1-2.24 (1H, multiplet), 

2.4-2.55 (1H, multiplet), 

2.76-2.89 (1H, multiplet), 

2,91-3.14 (4H, multiplet), 

3.28-3.37 (1H, multiplet), 

3.64 (3H, singlet), 

6,63 (1H, doublet, J=8Hz) , 

7.0 (1H, triplet, J=8Hz), 

7.68 (1H, doublet, J=8Hz) , 

9.61 (1H, singlet) . 

7-3 (3aR.12S.12aR.12bS) - 12 - Amino- 2 . 3 . 3a, 4. 11, 12, 12a, 12b- 
octahvdro - 10 - hvdroxvisoouino [2,1,8- lmal carbazol - ? ( 1H) - one 
hydrochloride 

7-3(a) Benzvl-N- f f 3aR. 12S , 12aR . 12bS ) -2 , 3 , 3a. 4 . 5 , 11 , 12 . 
12a. I2b-octahvdro-10-ben2vloxvisocruinof 2 . 1. 8 - lmal carbazol 
2 -yll carbamate 

Following a procedure similar to that of Example 
1(e), 0.79 g of the compound obtained in Example 7-2 (a) 
wa9 treated with an alkaline solution to afford 0.734 g 
of a mixture of epimer9 at the C-12 position of the 
carboxylic acid. 400 mg of the mixture of epimers was 
converted to the carbamate following a procedure similar 
to that of Example 1(f), using appropriate agents in 
suitable quantities. 142 mg of the title compound was 
isolated by recrystallization from toluene as a single 
isomer. 

The properties of the carboxylic acid were as follows: 



BNSOOClD: <GB 2292685A_L> 



108 



Melting point: 228-230°C. 
23 

[*J D +32.44° (c=l.i9, dimethyl formamide ) . 

Nuclear Magnetic Resonance Spectrum (CDCi 3 , 
270 MHz) , 6 ppm: 

0.6-0.8 (1H, multiplet), 

0.9-1. IS (1H, multiplet), 

1.21-1.67 (4H, multiplet), 

2.13-2.31 (1H, multiplet), 

2.4- 2.51 (2H, multiplet), 
2.65-3.0 (2H, multiplet), 

3.05- 3.36 (3H, multiplet), 
5.15-5.3 (2H, doublet, J=10Hz) , 
6.8-6.91 (1H, multiplet), 
7.1-7.2 (1H, multiplet) , 
7.29-7.55 (5H, multiplet), 
7.8-7.8S (1H, multiplet), 

.12.1-12.5 (1H, broad singlet). 

The properties of the carbamate were as follows 

Infrared Absorption Spectrum (KBr) , v cm" 1 : 

max 

3356, 171S, 1691. 



Mass Spectrum (m/e) : 
520 (M + ) . 

Nuclear Magnetic Resonance Spectrum (CDCi 
270 MHz) , 8 ppm: 

0.83-1.1 (2H, multiplet), 

1.18-1.35 UH, multiplet), 

1.45-1.77 (3H, multiplet), 

2.15-2.41 (2H, multiplet), 

2.48-2.65 (2H, multiplet), 

2.89-2.96 ClH, multiplet), 

3.25-3.36 (2H, multiplet) , 
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4.1-4.2S (1H, broad singlet), 
4.85-4.92 (1H, multiplec) . 
5.1-5.2 (4H, multiplec), 
6.75 (1H, doublet, J=8Hz) , 
7.18 (1H, triplet, J=8Hz) , 
7.27-7.45 (10H, multiplet) , 
8.0 (1H, doublet, J=8Hz) . 



7-3(b) ( 3aR, 12S . 12aR. 12bS) - 12 -Amino- 2 1 , . 4 . 5 , 11 . 12 , 12a , 
12b-octahvdro- 10 -hvdroxvisoauino f 2 . l . ft . lmal carbazol • S ( 1H) - 
Ope hydrochloride 

Following a procedure similar to that of Example 
5(d), a suspension of 142 mg of the compound obtained in 
Example 7-3 (a) in 20 ml of methylene chloride was 
hydrogenated. Other agents were used in appropriate 
amounts. The title compound was obtained in a yield of 
63 mg, melting at >300°C. 

Infrared Absorption Spectrum (KBr) , v max cm* 1 : 
3291, 1715, 1628. 



Mass Spectrum (m/e) : 
296 (M*-HC1) . 

Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethyl sulfoxide, 270 MHz) , 6 ppm: 

0.66-0.81 (1H, multiplet), . 

0.83-1.08 (1H, multiplet), 

1.12-1.33 (1H, multiplet), 

1.5-1.74 (3H, multiplet), 

2.16-2.41 {2H, multiplet), 

2.63-2.82 (1H, multiplet), 

2.99-3.2 (5H, multiplet), 

3.55-3.73 (1H, multiplet), 

6.66 (1H, doublet, J=8Hz) , 

7.05 (1H, triplet, J=8Hz) , 
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7.67 (1H, doublet, J=8 Hz), 
8.0-8.5 (1H, broad singlec) , 
9.7-9.83 (1H, broad singlec). 

7-4 4- (Dimethylamino) butvl (3aR. 12R. !2aR. 12bS) ■ 1. 2 . 3 . 3a. - 
4.5.11.12 . 12a. 12b -decahydro- 10-methoxv-S-oxoisoquino- 
f 2 . l . 8 - lira 1 carbazol - 12 - carboxvlate hydrochloride 

A mixture of 400 mg of (3R, 12R, 12aR, 12bS) -10- 
benzy loxy - 1 , 2 , 3 , 3a , 4 , 5 , 11 , 12 , 12a , 12b - decahydro - 5 - 
oxoisoquino[2, 1, 8-lma) carbazol-12-carboxylic acid and 
154 ^1 of thionyl chloride in 20 ml of methylene 
chloride was refluxed for 2 hours under a nitrogen 
atmosphere. After this time, the reaction mixture was 
cooled in an ice bath, and 308 |il of 4- (dimethylamino) 
butanol in 8 ml of methylene chloride was added to the 
ice-cooled mixture. The reaction mixture was stirred 
overnight at this temperature, and then the mixture was 
poured into a saturated solution of aqueous sodium 
hydrogencarbonate and extracted with ethyl acetate. The 
resulting extract was washed with brine, dried over 
sodium sulfate, and the solvent removed by evaporation 
under reduced pressure. The residue was purified by 
silica gel chromatography, using a 100 : 10 : 5 by 
volume mixture of methylene chloride, ethanol and 
aqueous ammonia as the eluent, to give 3 60 mg of 
4- (dimethylamino) butyl (3aR, 12R, l2aR, 12bS) - 10- 
benzyloxy- 1 , 2 , 3 , 3a , 4 , 5 , 11 , 12 , 12a , 12b- decahydro- 5 - 
oxoisoquino [2 ,1,8- Ima] carbazol - 12 - carboxylate . This 
compound was hydrogenated using a similar procedure to 
that described in Example 5(d) to afford 205 mg of the 
title compound, melting at 130-132°C. 

Elemental analysis: 

Calculated for C 25 H 33 N 2 C10 4 H 2 0: 

C, 62.69%; H, 7.36%; N, 5.85%; CI, 7.40%. 
Found: C, 62.15%; H, 7.07%; N, 5.68%; CI, 7.11%. 
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Infrared Absorption Spectrum (KBr) , v cm : 

3400, 3200, 1723, 1700- 

» 

Mass Spectrum (m/e) : 
424 (M*-HC1) . 

U]£ 3 +83.78° (c=0.74, ethanol). 

Nuclear Magnetic Resonance Spectrum (270 MHz, 
tetradeuterated methanol), 6 ppm: 

0.78-0.96 (1H, multiplet), 

1.15-1.52 (2H, multiplet), 

i:54-l. 78 (7H, multiplet), 

2.18-2.30 (1H, multiplet), 

2.52-2.62 (2H, multiplet), 

2.71 (6H, singlet), 

2.9-3.2 (6H. multiplet), 

3.45-3.57 (1H, multiplet) 

4.1-4.29 (2H, multiplet), 

S.62 (1H, doublet, J*8Hz) , 

7.01 (1H, triplet, J=8Hz), 

7.77 (1H, doublet, J=8Hz) . 



EXAMPLE 8 

(3aR.12R.12aR.12bS) -12- Acetylamino-2 . 3 . 3a. 4 . . 11 . 12 . 12a. 
12b- octahvdro- 10 - hvdroxvisoauino f 2 . 1 . 8 • lma 1 carbazol • 

5(lH)-one 

8(a) (3aR, 12R, 12aR, ;2bS) - 12 • Acet ylaminp- 2 , 3 , 3a, 4 , 3,1 , 12 , 
12a. 12b-octahvdro-10-acetoxyi3oquinof 2.1. 8- lmal carbazol - 
5(1H) -one 

85 ml of acetic anhydride and a catalytic amount of 
4-dimethylaminopyridine were added to a solution of 
0.1 g of the compound obtained in Example Kg) in 1 ml 
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of pyridine and the mixture stirred overnight. After 
this time, the reaction mixture was poured into IN 
aqueous hydrochloric acid, and extracted with ethyl 
acetate. The extract was washed with brine, dried over 
anhydrous sodium sulfate, and the solvent was removed by 
evaporation under reduced pressure. The resulting 
residue was chromatographed on silica gel using a 
100 : 10 : 1 by volume mixture of methlene chloride, 
ethanol and aqueous ammonia as eluent, to afford 66 mg 
of the title compound, melting at 170- 172 °C. 

23 

[i] D +82.24° (c=0.76, trichloromethane) . 

Elemental analysis: 

Calculated for C 22 H 24 N 2 0^1/4H 2 0: 

C, 68.64%; H, 6.41%; N, 7.28%. 
Found: C, 68.89%; H, 6.65%; N, 7.00%. 

Infrared Absorption Spectrum (KBr) , cm" 1 : 
1765, 1708, 1674. 

Mass Spectrum (m/e) : 
380 (M + ) . 

Nuclear Magnetic Resonance Spectrum {CDC« 3# 
270 MHz) , 8 ppm: 

0.86-1,06 (2H, multiplet), 

1.2-1.43 (2H, multiplet), 

1.6-1.74 (2H, multiplet), 

2.0 (3H, singlet), 

2.15-2.35 (2H, multiplet), 

2.37 (3H, singlet), 

2.59-2.74 (2H, multiplet), 

2.94-3.18 (3H, multiplet), 

4.32-4.38 (1H, multiplet), 

5.77 (1H, doublet, J=8Hz), 

6.97 (1H, doublet, J=8Hz) , 
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7,29 (1H, triplet, J*8Hz) , 
8.3 <1H, doublet, J«8Hz) . 

8(b) (3aR. 12R. 12aR. 12bS) -1 2-Acetvlamino-2 , 3 . 3a. 4 , 11 . 12 , 
12a , 12b-octahvdro- 10 - hvdroxv isocruino f 2 , 1 , B : lmal carbazol : 
5UH)-one 

A mixture of 50 mg of the compound obtained in 
Example 8(a) together with 3 pellets of potassium 
hydroxide in 2 ml of a 1 : 1 by volume mixture of 
methanol and water was stirred for one hour. After this 
time, the reaction mixture was acidified with 
concentrated aqueous hydrochloric acid. The acidified 
mixture was then stirred for a further one hour, and 
then the crystals which precipitated were collected by 
filtration to give 42 mg of the title compound, melting 
at >300°C. 

23 

[*] D +103.33° (c=0.03, dimethyl sulf oxide ) . 

Elemental analysis: 

Calculated for C^H^N^l/lOi^O: 

C, 70.61%; H, 6.58%; N, 8.23%. 
Found: C, 70.51%; H, 6.60%; N, 8.26%. 

Infrared Absorption Spectrum (KBr) , v max cm : 
3339, 3183, 1715, 1704, 1662. 

Mass Spectrum (m/e) : 
338 (M*) . 

Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethylsulf oxide, 270 MHz), 6 ppm: 

0.76-1.0 (2H, multiplet), 

1.15-1.33 (1H, multiplet), 

1.46-1.65 (3H, multiplet), 

1.81 (3H, singlet), 
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2.04-2.2 (2H, multiplet), 
2.47-2.55 (1H, multiplec) , 
2.75-3.1 (3H, multiplet), 
3.19-3.27 (1H, multiplet), 
4.02-4.1 (1H, multiplet), 
6.72 (1H, doublet, J=8Hz) . 
7.0 (1H, triplet, J=8Hz) , 
7.7 (1H, doublet, J=8Hz) , 
7.97 (1H, doublet, J*8Hz) , 
9.57 (1H, singlet) . 



Example 9 

( 2S . 3aS ) • 2 -Amino- 1.2.3. 3a. 4. 5- hexahydro- lH-pvrido- _ 
f 3 . 2 . 1 - i k l carbazol - 6 - one hydrochloride 

and 

( 2R . 3aR ) - 2 - Amino - 1.2.3. 3a. 4.5- hexahvdro - 1H - pyr ido - 
r 3 . 2 . 1 • i kl carbazol - 6 - one hydrochloride 

9(a) ( IS ) - Phenechvl N- T ( 2S . 3aS ) - 2 . 3 . 3a . 4 . 5 . 6 - hexahvdro - 6 - 
oxo - 1H- pvrido f 3 . 2 . l - i kl carbazol - 2 - y l 1 carbamate 

and 

(IS) -Phenethyl-N- f (2R.3aR) -2 - 1 - 3a . 4 . 5 . 6- hexahvdro- 6 -oxo- 
1H- pyrido f 3 . 2 . l - i kl carbazol - 2 - vll carbamate 

Following a procedure similar to that of Example 
3 (g) , but using a racemic preparation of 354 mg of 
(23, 3a3) -2,3,3a,4,5,6-hexahydro-6-oxo-lH-pyrido[3,2, 1- 
jk] carbazole-2-carboxylic acid and other agents in 
appropriate amounts, the title compounds were obcained. 

The less polar compound had the following properties: 
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Nuclear Magnetic Resonance Spectrum (CDCt 
270 MHz) , i ppm: 3 

1.4-1.8 (5H, multiplet) , 

2.0- 2.2 (1H, multiplet) , 

2.3- 2.5 (1H, multiplet), 
2.7-3.0 (5H, multiplet), 

4.4- 4.5 (1H, multiplet) , 
4.95-5.05 (1H, multiplet), 
5.75-5.9 (1H, multiplet) , 
7.25-7.45 (8H, multiplet), 
8.39 (1H, doublet, J»8.0Hz). 

The more polar compound had the following properties: 

Nuclear Magnetic Resonance Spectrum (CDC» 
270 MHz) , b ppm: 

1.5- 1.8 (5H, multiplet), x 

2.1- 2.25 (1H, multiplet), 
2.4-2.5 (1H, multiplet), 
2.65-3.05 (5H, multiplet), 
4.4-4:5 (1H, multiplet), 
4.9-5.05 (1H, multiplet) , 
5.75-5.9 (1H, multiplet) , 

. 7.2-7.4 (8H, multiplet), 
8.38 (1H, doublet, J-S.OHz). 

9(b) 12S,3aS)-2-Amino-l?.3.3a.4.c;. hexahvdro . < ; H . pvridQ . 
(3 . 2.?,-ik)(;arbazol-6-one hydrochlori d e or icg enantiomer 

The title compound was obtained, following a 
procedure similar to that of Example 6 (g) , but using the 
whole of the less polar isomer of the products in 
Example 9(a), and other agents in appropriate amounts. 

Melting point: 278-285 B C. 
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Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethylsulf oxide, 270 MHz) , h ppm: 

1.6- 1.8 (2H, multiplet), 

2.05- 2.15 (1H, multiplet), * 
2.3-2.4 (1H, multiplet) , 

2.7- 3.1 (5H r multiplet) , 
3.9-4.0 (1H, multiplet) , 
7.25-7.55 (3H, multiplet), 

8.2- 8.4 (4H, multiplet). 

[a] D +85.6° (c«l. 00, methanol). 

9(c) (2R. 3aR) - 2 - Amino- 1 , 2 , 3 . 3a , 4 , 5 -hexah vdro- 6H- ovrido- 
f3,2.1--ik1carbazol-6-one hydrochlor ide or its enantiomer 

The title compound was obtained, following a 
procedure similar to that of Example 6(g), but using the 
whole of the more polar isomer of the products in 
Example 9(a), and other agents in appropriate amounts. 

Melting point: i 178-190°C. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethyl sulfoxide, 270 MHz) , 6 ppm: 

1.6- 1.8 (2H, multiplet), 
2.05-2.15 (1H, multiplet), 

2.3- 2.4 (1H, multiplet), 

2.7- 3.1 (5H, multiplet) , 
3.9-4.0 (1H, multiplet) , 
7.25-7.55 <3H, multiplet), 
8.2-8.4 (4H, multiplet). 

[a] n -87. 1° (c=1.03, methanol). 
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(3aR, 12R t 12aR. 12bS) - 12-Amino-9-ben2Yloxv-2 . 3.3^.4.11.12 , 
12a g l2b-occahvdroisoQuinQr2. i.8-lma1rarbazol-5fiH^ .nno 

hvdrochloridP 

10(a) hlXvl (E)-3-{l- [2-12-cvclQ Pg nt. ft n.l- vl) aeety n. 
lH-indol-3-vl)-2-propenoate 

3.29 g of sodium hydride (55% w/v dispersion in 
mineral oil) was added to an ice-cooled solution of 
24.67 g of allyl 3- [5-benzyloxy-lH-indol-3-yl] -2- 
propenoate in 160 ml of anhydrous tetrahydrofuran, under 
a nitrogen atmosphere. The resulting mixture was stirred 
for 30 minutes, and then a solution of 11.96 g of 
2- (2-cyclopenten-l-yl)acetyl chloride in 6 ml of 
tetrahydrofuran was added to the reaction mixture which 
was then stirred for a further 30 minutes at 0°C. The 
reaction mixture was next poured into 800 ml of a dilute 
aqueous solution of hydrogen chloride and extracted with 
dichloromethane. The resulting extract was washed with 
water and brine, dried over anhydrous sodium sulfate and 
then the solvent was removed by evaporation in vacuo . 
The residue was chroma tographed on silica gel using a 
1 : 1 by volume mixture of cyclohexane and 
tetrahydrofuran as eluent. The eluate was crystallized 
from a mixture of ethyl acetate and cyclohexane to give 
27.07 g of the title compound as crystals, melting at 
120-121°C. 

Infrared Absorption Spectrum (KBr) , v cm' 1 : 

max 

1705, 1S34. 

Mass Spectrum (m/e) : 
455 (M + ) . 
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Nuclear Magnetic Resonance Spectrum (CDC« 3 , 
270 MHz) , b ppm: 

8.42 (1H, doublet, J«9 Hz), 

7.81 (1H, doublet, J«16 Hz), 

7.70 (1H, singlet), 

7.52-7.78 (6H, multiplet) , 

7.10 (1H, doublet of doublets, J=3, 9 Hz), 

6.50 (1H, doublet, J=16 Hz), 

5.95-5.75 (1H, multiplet), 

5.64-5.60 (1H, multiplet), 

5.43-5.28 (1H, multiplet), 

5.15 (2H, singlet), 

4.74 (2H, doublet, J=6 Hz), 

2.87 (3H, broad singlet) , 

2.06-1.34 (6H, multiplet). 

10(b) naR,12R. 1 2aR.12bS) -9-Benzyloxv-l . 2 . 3 , 3a, 4 , 5 , 11 , 12 , 
12a , i2b-decahvdro- 5 -oxois oquino 12 , 1 , 8 - lmal carbazol - 12 - 
p^rboxyli^ agifl 

The allyl .ester of the title compound was obtained 
by a procedure similar to that of Example 1(c) and 1(d), 
but using the appropriate types and amounts of starting 
materials. 0.60 g of triphenylphosphine, 0.60 g of 
tetrakis (triphenylphosphine) palladium and 17.28 g of 
sodium 2-ethylhexanoate were then added to a mixture of 
23.7 g of the allyl ester of the title compound in 
360 ml of ethyl acetate. The reaction mixture was 
stirred for 25 hours at room temperature and, during 
this time, 1.36 g of tetrakis (triphenylphosphine) - 
palladium was added to the reaction mixture in two 
portions. The reaction mixture was then poured into an 
aqueous solution of sodium hydrogencarbonate. The 
aqueous phase was acidified with concentrated aqueous 
hydrochloric acid and extracted with dichloromethane . 
The resulting extract was dried over anhydrous sodium 
sulfate, and the solvent was removed by evaporation 
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under reduced pressure. The resulting residue was 
reprecipitated from ethyl acetate to give 10.36 g of the 
title compound, melting at 247-249°C. 

[a]^ 5 +116. 4° (c=0.503, trichloromethane) . 

Infrared Absorption Spectrum (KBr), v cm" 1 - 

' max 

1729, 1669, 1631. 

Mass Spectrum (m/e) : 
415 (M*) . 

Elemental analysis: 

Calculated for C 2 6 H 25 N0 4 : 

C, 75.16%; H, 6.07%; N, 3.37%. 
Found: C, 74.97%; H, 5.98%; N, 3.30%. 

Nuclear Magnetic Resonance Spectrum (CDC« 3# 
270 MHz) , 6 ppm: 

8.25 (1H, doublet, J=9 Hz), 

7.48-6.95 {7H, multiplet) , 

5.12 (2H, singlet) , 

3.19-2.58 (6H, multiplet) , 

2.19-2.09 (1H, multiplet), 

1.69-1.25 (8H, multiplet). 

10(c) (3aR, 12R, 12aR, 12bS) -12-Amino-9-benzvloxy>2 . 3 . 3a , 4 . 
11 , 12 , 12a . 12b-octahvdroisoqu ino \2 , 1 , B-lmal carbazol - 5 ( 1H) - 
one hydrochloride 

Following a procedure similar to that of Example 
1(f), but using the appropriate types and amounts of 
starting materials, 4.86 g of 4-methoxybenzyl 
N- (3aR,12R,12aR,12bS) - 9 -benzyloxy- 1 , 2 , 3 , 3a, 4 , 5 , 11 , 12 , 12a, 
!2b-decahydro-5-oxoisoquino{2, 1,8-lma] carbazol- 12 -yl) - 
carbamate was obtained. A solution of 4N HC1 in 6:5 ml 
of dioxane was added to a solution of 4.78 g of the 
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carbamate in 96 ml of dioxane. The resulting mixture 
was heated to 80°C and maintained at this temperature 
for 3 hours. After this time, the solvent was removed 
by evaporation in vacuo . The resulting residue was 
recrystallized from a mixture of di c hi orome thane and 
isopropyl ether to give 3.11 g of the title compound as 
crystals, melting at 176-179°C. 

(a]£ 5 +68.3° (c=0.503, methanol). 

Infrared Absorption Spectrum (KBr) , cm 1 : 

3400, 1702. 

Mass Spectrum (m/e) : * 
386 (M*) . 

Elemental analysis: 

Calculated for C 25 H 27 C1N 2 0 2 : 

C, 71.16%; H, 6.21%; N, 6.64%; CI, 8.40%. 
Found: C, 70.85%; H, 6.51%; N, 6.58%; CI, 8.18%. 

Nuclear Magnetic Resonance Spectrum (CDC* 3 , 
270 MHz) , h ppm: 

8.33 (2H, broad singlet) , 

8.24 (1H, singlet), 

7.43-6.90 (7H, multiplet) , 

5.05 (2H, doublet of doublets, J*ll,15Hz), 

3.47 (1H, broad singlet), 

3.38 (1H, broad singlet) , 

3.01 (1H, doublet, J=17Hz) , 

2.83 (1H, doublet, J=17Hz) , 

2.68 (1H, doublet of doublets, J=5,17Hz), 

2.43 (1H, doublet, J=16Hz) , 

2.25-2.21 (1H, multiplet), 

1.80-1.12 (5H, multiplet), 

0.82-0.77 (2H, multiplet). 
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10(d) (3aR, 12R, 12aR, 12bS) 'JlzlSBSOoSL: i ^.a.U.^^i ^n, 
12a,12b-decahvdro-5-oxo-N- [ (5) -1-ohenefchyll isnrp M^- 
f 2 , 1 1 8 ; Imal carbaz ol - 12 - carboxamide 

A drop of dimethyl formamide and 0.11 ml of thionyl 
chloride were both added to a suspension of 0.125 g of 
the compound obtained in Example 10(b) in 2.5 ml of 
dichloromethane. The reaction mixture was refluxed for 
1 hour, and then the solvent was removed by evaporation 
under reduced pressure. The resulting residue was 
redissolved in 2.5 ml of dichloromethane, and then 
0.05 ml of (S) -1-phenethylamine and 0.05 ml of pyridine 
were added to the solution thus obtained,, and the 
resulting mixture was stirred at room temperature for 15 
minutes. After this time, the reaction mixture was 
diluted with ethyl acetate, washed successively with 
dilute aqueous hydrochloric acid, water, a saturated 
aqueous solution of sodium hydrogencarbonate and brine, 
dried on anhydrous sodium sulfate and then the solvent 
was removed by evaporation under reduced pressure. The 
residue was purified by silica gel column chromatography 
using a l : 1 by volume mixture of cyclohexane and ethyl 
acetate as the eluent. The eluate was crystallized from 
a mixture of tetrahydrofuran and hexane to give 0.466 g 
of the title compound, melting at 249-251°C. 

Infrared Absorption Spectrum (KBr) , cm" 1 : 
. 3360, 1688, 1666, 1639. 

Mass Spectrum (m/e) : 
518 (M + ). 

Elemental analysis: 

Calculated for C-.H.^N-O, : 
34 34 2 3 

C, 78.74%; H, 6.61%; N, 5.40%. 
Found: C, 79.39%; H, 6.76%; N, 5.19%. 
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Nuclear Magnetic Resonance Spectrum (CDCt^, 
270 MHz) , 6 ppm: 

8.30 (1H, doublet, J=9Hz) , 

7.49-6.98 (12H, multiplet) , 

5.94-5.90 (2H. multiplet), 

5.12 (2H, singlet), 

2.91-2.01 (6H, multiplet), 

1.40 (3H, doublet, J=7Hz) , 

1.68-1.03 (9H, multiplet). 

EXAMPLE 11 

( 3aR. 12R ■ !2aR . 12bS) • 12 - Amino-2 . 3 . 3a . 4 . 11 . 12 . 12a , 12b-octa • 
hydroisoquino f2 , 1 . 8-lmal carbazol- 5 (1H) -one hydrochloride 

and 

(3aS.12S.12aS.12bR) • 12 • Amino-2 . 3 . 3a. 4 . 11 . 12 . 12a . 12b-occa- 
hydroisoquino [ 2 . 1 . 8 - lmal carbazol - 5 ( 1H) - one hvdrochl oride . 

11(a) IS) -l-Phenethvl N- f ( 3aR. 12R. 12 aR. 12bS) - 1 . 2 . 3 . 3a . 4 . 5 , 
11.12. 12a . 12b-decah vdro- 5 - oxoisoouino f 2 , 1 . 8 - lmal carbazol - 
12 -vll carbamate 

and 

fS) -l-Phenethvl N- f (3aS . 12S . 12 aS . 12bR) - 1 , 2 . 3 . 3a ; 4 ■ 5 , 11 . 12 , 
12a . l2b-decahvdro- 5 - oxoisoouino f 2 . 1 ■ 8 - lmal carbaggl • 12 - yl] - 
carbamate 

A solution of 0.65 g of {3a3,l23,12a3,l2b3) - 
12 - amino-2 , 3 , 3a , 4 , 11 , 12 , 12a , 12b- octahydroisoquino (2,1,8- 
lma] carbazol- 5 (1H) -one and 864 mg of li) -l-phenethyloxy- 
carbonyl imidazole in 16 ml of toluene was heated at 
100°C for 3 days and then the solvent was removed by 
evaporation under reduced pressure. The resulting 
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residue was purified by Lobar chromatography using a 

5 : 1 by volume mixture of cyclohexane and ethyl acetate 

as the eluent to give the title compounds. 

The less polar compound was obtained in a yield of 83 mg. 

The more polar compound was obtained in a yield of 9 3 mg. 

1Kb) (3aR.12R.12aR.12bS) - 12-Amino-2 . 3 . 3a. 4 . 11 . 12 . 12a. 12b- 
oc tahvdroisocruino f 2 , 1 . 8 - Imal carbazol - S ( 1H) - one 
hydrochloride or its enantiomer 

Following a procedure similar to that of Example 
6(g), but using the appropriate types and amounts of 
starting materials, the title compound was obtained from 
the whole of the less polar compound obtained in Example 
11(a), melting at 201-202°C. 

U1 D +78.8* (c*1.01, methanol) . 

Infrared Absorption Spectrum (KBr) , v cm" 1 : 

max 

3404, 1703, 1684, 1632. 

Mas9 Spectrum (m/e) : 
316 (M + ) . 

Nuclear Magnetic Resonance Spectrum (tetradeuterated 
methanol, 270 MHz), b ppm: 

0.8-1.8 (6H, multiplet) , 

2.3-2.5 (2H, multiplet), 

2.67 (1H, doublet of doublets, J*3,17Hz), 

2.85 (1H, doublet, J=*18Hz) , 

3.1-3.4 (3H, multiplet) , 

3.80-3.85 (1H, multiplet), 

7.3-7.5 (3H, multiplet) , 

8.29-8.23 (1H, multiplet). 



2292685A_l_> 



124 



11(c) (3aS.12S,12aS.12bR) - 12 - Amino-2 . 3 . 3a . 4 . n f 12. 12a. 12b- 
octahvdroisoauino f 2 , 1 , 8 - lmal carbazol - 5 ( 1H) - on* 
hydrochloride or its enantiomer 

Following a procedure similar to that of Example 
6(g), but using the appropriate types and amounts of 
starting materials, the title compound was obtained from 
the whole of the more polar compound obtained in Example 
11(a), melting at 183-186°C. 

[ a ] D -46.3° (c=0,57, methanol). 

Infrared Absorption Spectrum (KBr) , v max cm* 1 : 
3352, 1704, 1682, 1632. 

Mass Spectrum (m/e) : 
316 (M + ). 

Nuclear Magnetic Resonance Spectrum ( tetradeuterated 
methanol, 270 MHz), b ppm: 

0.8-1.8 (6H, multiplet) , 

2.3-2.5 (2H, multiplet), 

2.67 (1H, doublet of doublets, J=3,17Hz), 

2.85 (1H, doublet, J=18Hz) , 

3.1-3.4 (3H, multiplet), 

3.80-3.85 (1H, multiplet), 

7.3-7.5 (3H, multiplet) , 

8.29-8.23 (1H, multiplet). 

E2£AMPkE 12 

12-1 flaS.12S.12aS.12bR) - 1. 2 ■ 3 ■ 3*. 4 . 5 . U , 1? ,12ft ,l?b- 
Decahvdro- 10 - hydroxy- 5 - oxoisoquino f 2 , 1 , 8 : lmal carbazol - 12 - 
carboxylic acid 



1 ml of 1M solution of boron tribromide in methylene 
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chloride was added to a suspension of 500 mg of 
( 3aS , 12S , l2aS , l2bR) - 1 , 2 , 3 , 3a , 4 , 5 , 11, 12 , 12a, 12b- decahydro 
10 -methoxy- 5 -oxoisoquino 12 ,1,8- lma] carbazol • 12 - carboxylii 
acid in 5 ml of methylene chloride ac 0°C, and the 
resulting mixture was stirred overnight. After this 
time, 5 ml of water and 5 ml of saturated aqueous sodium 
hydrogencarbonate were added to the reaction mixture at 
room temperature. The reaction mixture was then stirred 
for 30 minutes, and then the aqueous layer was washed 
with methylene chloride and acidified with concentrated 
aqueous hydrochloric acid. The precipitate was 
collected to. afford 343 mg of the title compound. 

Infrared Absorption Spectrum (KBr) , v cm" 1 : 
3402, 1705. 

Mass Spectrum (m/e) : 
325 (M*). 

Nuclear Magnetic Resonance Spectrum (270 MHz, 
tetradeuterated methanol) , b ppm: 

0.79-0.96 (1H, multiplet) , 

1.15-1.52 (2H, multiplet), 

1.53-1.79 (3H, multiplet), 

2.18-2.3 (1H, multiplet), 

2.5-2.6 (2H, multiplet), 

2.85-3.07 (3H, multiplet, 

3.13-3.22 (1H, multiplet), 

3.41-3.53 (1H, multiplet), 

6.61 (1H, doublet, J-8Hz) . 

7.00 (1H, triplet, J=8Hz) . 

7.74 (1H, doublet, J=8Hz) . 
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12-2 Methyl (3aS.125.12aS.12bR) - 1 . 2 . 3 . 3a . 4 , 5 . 11 . 12 . 12a . ■ 
l2b>decah ydrQ-iQ-hvdroxv-5-oxoisoauinor2.1 < 8-lma1 = 
carbazol - 12 - carboxvlate 

A solution of 100 mg of the compound obtained in 
Example 12-1 in 20 ml of methanol was treated with an 
excess of a solution of diazomethane in diethyl ether at 
0°C. The reaction mixture was dried by evaporation 
under reduced pressure and the residue was 
recrystallized from a mixture of hexane and acetone to 
afford 62 mg of the title compound melting at 253- 256 °C. 

M^ 3 -90.0° (c=*0.63, dimethylsulfoxide) . 

Elemental analysis: 

Calculated for C 2 0 H 21 NO 4 1/3H 2 0: 

, C, 69.55%; H, 6.32%; N, 4.06%. 
Found: C, 69.72%; H, 6.35%; N, 4.31% r 

Infrared Absorption Spectrum (KBr) , v cm* 1 : 
3360, 1732, 1676. 

Mass Spectrum (m/e) : 
339 (M + ). 

Nuclear Magnetic Resonance Spectrum (270 MHz, 
hexadeuterated dimethylsulfoxide) , b ppm: 

0.82-0.99 (1H, multiplet), 

1.12-1.45 (2H, multiplet), 

1.5-1.8 (3H, multiplet), 

2.19-2.3 (1H, multiplet), 

2.5-2.7 (2H, multiplet), 

2.85-3.2 (4H, multiplet), 

3.41-3.53 (1H, multiplet), 

3.71 (3H, singlet), 

6.69 (1H, doublet, J=»8Hz) , 

7.01 (1H, triplet, J=8Hz) , 
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7.81 (1H, doublet, J«8Hz) , 
9.12 (1H, singlet) . 

12-3 C3»S g l?S g ia»S,i2bR)-1.2.^ ; 3 a . 4.^.11 02 ion, 
Pecahvdro- 10 - hydroxy- 5 -oxn isocrui no r 2 , 1 , 8 - lma 1 carbazol >n. 
carboxainide 

A mixture of 500 mg of (3aS, 12S, 12aS, 12bR) - 1 , 2 , 3 , - 
3a , 4 , 5 , 11 , 12 , 12a , 12b- decahydro- 10 -methoxy - 5 - oxoisoquino - 
[2,1, 8- lma] carbazol- 12 -carboxylic acid, 210^1 of 
chloroethylformate, and 247^1 of triethylamine in 
6.7 ml of acetone was stirred for 30 minute9 at 0°C. 
After this time, 1.7 ml of aqueous ammonia was added to 
the mixture and which was then stirred for a further one 
hour. At the end of this time, water was added to the 
reaction mixture which was then extracted with ethyl 
acetate. The extract was dried over anhydrous sodium 
sulfate and dried by evaporation under reduced pressure. 
The residue was recrystallized from a mixture of hexane 
and acetone to give 356 mg of (3aS, 12S , 12aS , 12bR) - 
1 , 2 , 3 , 3a, 4, 5 , 11, 12, 12a, 12b-decahydro- 10 -methoxy- 5-oxoiso- 
quino [2,1, 8 -lma] carbazol -12- carboxamide. 1 ml of a 1M 
solution of boron tribromide in methylene chloride was 
added to a suspension of 300 mg of this compound in 3 ml 
of methylene chloride at 0°C / and the resulting mixture 
was stirred overnight at room temperature. 1 ml of 
water and 1 ml of a saturated aqueous sodium 
hydrogencarbonate solution were then added to the 
mixture which was then stirred for a further 30 
minutes. At the end of this time, a large excess of 
acetone was added to the reaction mixture, and the 
resulting mixture was dried over anhydrous sodium 
sulfate and the solvent removed by evaporation under 
reduced pressure. The residue was recrystallised from a 
mixture of hexane and acetone to afford 171 mg of the 
tide compound, melting at 194-195°C. 
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[a]p 3 -66.59° (c=0.85, dimethylsul f oxide ) . 

Infrared Absorption Spectrum (KBr) , v cm" 1 : 
3343, 3214, 1702,1668. 

Mass Spectrum (m/e) : 
324 (M + ) . 

Nuclear Magnetic Resonance Spectrum (270 MHz, 
hexadeuterated acetone) , b ppm: 
0.77-0.93 (1H, multiplet), 

1.1- 1.45 (2H, multiplet), 
1.5-1.85 (3H, multiplet), 
2.18-2.31 (1H, multiplet), 
2.4-2.57 (2H, multiplet), 
2.76-2.83 (3H, multiplet), 
2.85-3.08 (2H, multiplet), 

3.2- 3.37 (2H, multiplet) , 
6.64 (1H, doublet, J-8Hz) , 
7.0 (1H, triplet, J-8Hz), 
7.81 (1H, doublet, J=8Hz), 
8.46 (1H, singlet). 



EXAMPLE 13 

(3aS.12S.l2aS.12bR) -12 -Acetvlamino-2 . 3 . 3a. 4 . 11 , 12 . 12a. • 
12b-octahvdro- lO-hvdroxvigocruino (2.1.8- lmal carbazol - 

5(3,H)-one 

13(a) (3aS , 1.2S , 3.2aS . 12pR) - 12 - AcetYlamjrip- IP - acetoxy 
2 , 3 , 3a , 4 , 13, , 12 , 12a , 12b- octahydrQi3Qquino [2,1,8- lmal - 
carbazol • 5 (1H) -one 



Following a procedure similar to that of Example 
8(a), but starting with 360 mg of (3aS, 12S, 12aS , 12bR) - 
12 -amino- 2 , 3 , 3a, 4 , 11, 12, 12a, 12b-octahydro- 10 -hydroxy- 
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isoquino(2, 1 , 8-lma] carbazol- 5 (1H) -one (as obtained in 
Example 11c) and using 284^1 of acetic anhydride, 5 ml 
of pyridine and a catalytic amount of dime thy lamino- 
pyridine, 344 mg of the title compound were obtained, 
melting at 208-210*0. 

Mass Spectrum (m/e) : 
380 (M*) . 

Infrared Absorption Spectrum (KBr) , v w cm" 1 : 

max 

3280, 1760, 1735, 1703. 

Nuclear Magnetic Resonance Spectrum (CDC1 3 ) , 6 ppm: 
0.8-1.8 (6H, multiplet) , 
2.04 (3H, singlet), 
2.1-2.4 (2H, multiplet) , 
2.37 (3H, singlet) , 
2.6-2.8 (2H, multiplet), 
2.9-3.2 (3H, multiplet) , 
4.3-4.4 (1H, multiplet) , 
6.99 (1H, doublet J«8Hz) , 

7.29 (1H, triplet, J=8Hz) , 

8.30 (1H, doublet, J=8Hz) . 

13(b) ( 3aS . 12S , 12aS , 12bR) - 12 - Acetvlamino-2 . 3 , 3a , 4 , 11 , - 
12 , 12a. 12b-octahvdro- 10 -hvdroxvisoauino f2 , l .8-lma) - 
carbazol - 5 (1H) - one 

Following a procedure similar to that of Example 
8(b), starting with 204 mg of the product of Example 
13(a) and using 3 ml of a IN aqueous sodium hydroxide 
solution and 5 ml of ethanol, 110 mg of the title 
compound was obtained, melting at >300°C. 

Mass Spectrum (m/e) : 

338 (M*), 279 (M* -acetic acid) . 
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Infrared Absorption Spectrum (KBr) , cm : 

3330, 3170, 1710, 1700, 1660. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethylsulf oxide) , b ppm: 

0.6-1.7 (6H, multiplet) # 

1.81 (3H, singlet) , 

2.0-2.2 <2H, multiplet), 

2.5-2.6 (1H, multiplet), 

2.79 (1H, doublet, J-18Hz) , 

2.9-3.1 (2H, multiplet), 

3.22 (1H, broad singlet) 

4.0-4.1 (1H, multiplet), 

6.62 (1H, doublet J=8Hz) , 

7.00 (1H, triplet, J=8Hz) , 

7.70 (1H, doublet, J«8Hz) , 

7.98 (1H, doublet, J=7Hz) , 

9.60 (1H, singlet) . 
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M&C FOLIO:230P70859/FP-9414 WANGDOC: 1012D 

The compound numbers used in the following Examples 
correspond to those in the accompanying Reaction Schemes. 

PREPARATION OF 3-TBTRAHYDROPYRIDINYL- 1H- INDOLES 

EXAMPLE? 14 

3 - ( 1 - Benzyl - 1 , 2 , 5 , 6 - fret rahydropyr idin - 4 - y 1 ) - 1H- indol e 

Compound (2a) 

30.0 g of indole (0.256 mol) were dissolved in 
500 ml. of methanol containing 83.0 g of sodium methoxide 
(1.54 mol, 6 equivalents). 72.7 g of l-benzyl-4- 
piperidinone (0.384 mol, 1.5 equivalents) were added to 
the reaction mixture and the resulting solution was 
refluxed under an argon atmosphere for 8 hours. After 
this time, the reaction mixture was cooled and the 
methanol was evaporated to half its original volume 
under reduced pressure. A white crystalline precipitate 
was obtained, and this was filtered off, washed 
successively with several portions of methanol and dried 
by evaporation in vacuo to give 53.2 g of the title 
compound in a yield of 72%. 

Nuclear Magnetic Resonance Spectrum (CDC* 3 , 
400 MHz) , 6 ppm: 

2.60 (2H, broad singlet ) , 

2.78 (2H, triplet, J=5.7Hz), 

3.27 (2H, doublet of triplets, J=2.8 and 3.2Hz), 
3.68 (2H, singlet) # 
6.20 (1H, multiplet), 
7.13 (1H, triplet, J«7Hz) , 
7.15 (1H, doublet, J=2.7Hz), 



BNSDOCID: <GB 2292C8SA_I_> 



132 



7.19 (1H, triplet, J=7Hz) , 
7.28 (1H, doublet, J=7Hz) , 
7.33-7.36 (3H, multiplet), 
7.40 (2H, doublet, J=*8Hz) , 
7.88 (1H, doublet, J=8Hz) , 
8.16 (1H, broad singlet) . 



EXAMPLE 15 

3 - ( 1 - Benzyl - 1 , 2 , 5 , 6 - tet rahvdropyridin - 3 - vl ) - 1H- indole 

CQmpound UaJ 

The title compound was obtained following a 
procedure similar to that of Example 14, but starting 
with 15.6 g of indole and 20,0 g of l-benzyl-3- 
piperidone. The resulting residue was chromatographed 
on silica gel using, as eluent, a 1 : 1 by volume 
mixture of hexane and ethyl acetate. The eluate was 
then recrystallised from the same solvent to give 11.9 
of straw-coloured crystalline solid in a yield of 31%. 

Nuclear Magnetic Resonance Spectrum (CDCi 3 , 
400 MHz) , b ppm: 

2.40 (2H, multiplet) , 

2.68 (2H, triplet, J=5.8Hz), 

3.38 (2H, doublet, J=2Hz) , 

3.71 (2H, singlet), 

6 .25 (1H, multiplet) , 

7.03 (1H, doublet, J=2.5Hz), 

7.13 <1H, triplet, J=8Hz) , 

7.18 (1H, triplet, J»8Hz) , 

7.27 (1H, doublet, J=7Hz) , 

7.31-7.42 (5H, multiplet), 

7.85 (1H, doublet, J=8Hz) , 

8.18 (1H, broad singlet). 
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EXAMPLE 16 

§ -Mechoxy- 3 - ( I • frenzy^ - 1. , 2 , 5 . 6 - tetrahy dropvridin- 3 - vl ) - 1H- 

indole 
Compound lh) 

The title compound wa9 obtained following a 
procedure similar to that of Example 14, but starting 
with 8.S g of 5 -methoxyindole and 18.4 g of 1 -benzyl -3- 
piperidone. The resulting residue was chromatographed 
on silica gel using, as eluent, a 1 : l by volume 
mixture of hexane and ethyl acetate to give 8.5 g of the 
product as a straw-coloured powder in a yield of 49%. 

Nuclear Magnetic Resonance Spectrum (CDCij, 
400 MHz) , f> ppm: 

2.41 (2H, multiplet). 

2.69 (2H, triplet, J»5.7Hz), 

3.37 (2H, doublet, J=2Hz) , 
.3.71 (2H, singlet) , 

3.84 (3H, singlet), 
6.18 (1H, multiplet), 

6.85 (1H, doublet of doublets, J=8.8 and 2.4Hz>, 
7.03 (1H, doublet, J=2.4Hz), 

7.21-7.42 (7H, multiplet), 
8.06 (1H, broad singlet). 



EXAMPLE 17 



5-Benzvloxv-3- ( 1-benzvl-l . 2 , 5 . 6- tetrahvdropvridin- 3 - vl) - 

1H- indole 
Compound (lc) 



The title compound was obtained following a 
procedure similar to that of Example 14, but starting 
with 3.5 g of 5 -benzyl oxyindole and 8.9 g of 
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l-benzyl-3-piperidinone, 4.5 g of the title compound was 
obtained in a yield of 73%. 

Nuclear Magnetic Resonance Spectrum <CDC« 3 , 
400 MHz) , b ppm: 

2.40 (2H, multiplet) , 

2.69 (2H, triplet, J*S.7Hz), 

3.36 (2H, broad singlet), 

3.71 (2H, singlet) , 

5.08 (2H, singlet), 

6.14 {1H, multiplet) , 

6.93 (1H, doublet of doublets, J-8.8 and 2.4Hz), 
7.04 (1H, doublet, J*2.4Hz), 
7.17-7.51 (12H, multiplet), 
8.02 (1H, broad singlet). 



EXAMPLE 18 

5 : Me thoxy - 3 - ( 1 - benzyl -1,2.5.6- tet rahydropyridin - 4-vl) - 

1H- indole 
Compound (2b) 

Following a procedure similar to that of Example 14, 
but starting with 15 g of 5-methoxyindole and 55 g of 
1 -benzyl -4 -piper idinone, 25 g of the title compound was 
obtained in a yield of 78%. 

Nuclear Magnetic Resonance Spectrum (CDC« 3 , 
400 MHz) , 5 ppm: 

2.59 <2H, multiplet) , 

2.75 (2H, triplet, J=5.7Hz), 

3.36 (2H, doublet of triplets, J=3.2 and 2.5Hz), 
3.67 (2H, singlet), 

3 . 84 (3H, singlet) , 
6.12 (1H, multiplet) , 

6.85 (1H, doublet of doublets, J=8.8 and 2.4Hz), 
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7.12 (1H, doublet, J»2.6Hz), 
7.23-7.42 (7H, multiplet) , 
8.01 (1H, broad singlec) . 



EXAMPLE 1ft 

5 • penzyloxy • 3 • f 1 • bonzvl ■ i . 2 5 . n . r o tr a hvriro rY -idin . a . Y i ) 

lH-indnl,? 
Compound (?^ ? 

The title compound was prepared following a 
procedure similar to that of Example 14, but starting 
with 12 g of 5 -benzyloxy indole and 36 g of 1 -benzyl -4- 
piperidinone. The crude product was chromatographed on 
a silica gel column using, as eluent, a 1 : 2 by volume 
mixture of ethyl acetate and toluene to afford 15 g of 
the title compound as a white powder in a yield of 71%. 

Nuclear Magnetic Resonance Spectrum (CDCj 
400 MHz) , i ppm: 3 

2.58 (2H, multiplet) , 

2.75 (2H, triplet, J=5.7Hz), 

3.24 (2H, doublet of triplets, J=3.2 and 2.5Hz), 
3.67 (2H, singlet), 
5.09 (2H, singlet) , 
6.08 (1H, multiplet) , 

6.93 (1H, doublet of doublets, J=8.8 and 2.4Hz), 
7.12 (1H, doublet, J*2.6Hz), 
7.23-7.48 (12H, multiplet), 
7.99 (1H, broad singlet) . 



[EXAMPLE 201 
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EXAMPLE 21 

3 - ( 1 - 1 - B ut oxvcarbonvl - 1 , 4 , 5 , 6 - te t rahvdropvr idin - 3 - vl ) - 

lH-ipdple 
Compound (11) 

Following a procedure similar to that of Example 14, 
but starting with 6.0 g of indole and 15-3 g l-t-butoxy- 
carbonyl-3-piperidinone, the title compound was obtained 
by chromatography of the reaction mixture on a silica 
gel column at 40 - 60 °C using, as eluent, a 1 : 1 by 
volume mixture of ethyl acetate and petroleum ether. 
The title compound was afforded as a colourless oil 
which later solidified. The yield was 59%. 

Nuclear Magnetic Resonance Spectrum (CDCij, 
400 MHz) , b ppm: 

1.52 (9H, singlet) , 

1.99 (2H, multiplet) , 

2.47 (2H, broad singlet), 

3.67 (2H, broad singlet),. 

7.12-7.23 (3H, multiplet), 

7.33-7.36 (2H, multiplet), 

7.84 (1H, doublet, J=7.7Hz), 

8.19 (1H, multiplet) . 
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ACYLATION OF 3 -CYCLOAT. ^nyl TNDQT.pq 



EXAMPLE ->*> 

1 ; ( 4 : Pentenoyl ) - 3 • ( \ ■ benzyl ■ 1 , 2 . § , 6 - tot r* h Y ^ ODvr j ^ n . 
4 -yl) indole hydrochloric 
Compound (7a) 

A suspension of 0.032 mol of sodium hydride (a 60% 
w/v dispersion in mineral oil) in 30 ml of anhydrous 
tecrahydrofuran (a 60% w/v mixture) was added to a cold 
solution of 8.50 g (0.030 mol) of 3- (1 -benzyl- 1,2, 5, 6- 
tetrahydropyridin- 4 - yl ) -1H- indole (compound 2a, as 
obtained in Example 14) in 300 ml of dry tetrahydro- 
furan. The mixture was stirred at room temperature 
under an argon atmosphere for 1 hour and then cooled to 
a temperature of 0 - 5°C. A solution of 3.67 g 
(0.031 mol) of 4-pentenoyl chloride in 70 ml of 
tetrahydrofuran was then added to the resulting mixture 
which was then stirred for a further 2 hours. The 
reaction mixture was then acidified with 2N aqueous 
hydrochloric acid and the resulting white precipitate 
was collected by filtration and washed successively with 
tetrahydrofuran, water and diethyl ether and then dried 
by evaporation in vacuo. 8.75 g of the title compound 
was obtained in a yield of 73%. 

Nuclear Magnetic Resonance Spectrum (CDC« 3 / 
tetradeuterated methanol, 400 MHz), i ppm: 

2.45 (2H, multiplet), 

2.55 (2H, broad peak) , 

2.94 (2H, triplet, J«7.4Hz), 

3.70 (2H, broad singlet) , 

3.90 (2H, singlet), 

4.18-4.35 (2H, multiplet) , 

4.94 (1H, doublet of doublets, J-l.2 and 10.2Hz), 
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5.03 (1H, doublet of doublets, J=1.6 and 17.1Hz), 

5.77-5.86 UH, multiplet) , 

6.08 (1H, multiplet) , 

7.19 (1H, triplet, J=8Hz), 

7.22-7.29 (1H, multiplet), 

7.32-7.38 (2H, multiplet), 

7.48 (1H, singlet), 

7.51 (2H, multiplet), 

7.61 (1H, doublet, J=»8Hz) , 

8.36 (1H, doublet, J=8Hz) . 



EXAMPLE 23 

1- (4-Pentenovl) - 3- ( 1-benzvl-l . 2 . 5 , 6- tetrahvdropvridin- 
3 -vl) indole hydrochloride 
Compound (3a) 

Following a procedure similar to that of Example 22, 
but using 5.32 g of 3 - (1-benzyl-l , 2 , 5 , 6- tetrahydro- 
pyridin- 3 -yl) -1H- indole (compound la, as obtained in 
Example 15) , the title compound was obtained in a yield 
of 72%. 



Nuclear Magnetic Resonance Spectrum (CDCi 3 , 
tetradeuterated methanol, 400 MHz), 6 ppm: 

2.59 (2H, multiplet) , 

2.71 (2H, broad singlet), 

3.07 (2H, triplet, J=7.3Hz), 
3.23 (2H, broad singlet) , 
3.93 (2H, broad singlet) , 
4.28 (2H, broad singlet), 

5.08 (1H, doublet of doublets, J=1.3 and 10.2Hz), 
5.17 (1H, doublet of doublets, J=1.7 and 17.1Hz), 
5.95 (1H, multiplet), 

6.43 (1H, multiplet) , 
7.31 (1H, triplet, J=7Hz) , 
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7.39 (1H, triplet, J=7Hz), 

7.47 (3H, multiplet) , 
7.60 (3H, multiplet) , 
7.72 (1H, doublet, J=8Hz) , 

8.48 (1H, doublet, J»8Hz) . 



EXAMPLE 24 

5-Methoxy-l- (4 -pentenovl ) -3- (i-b»ng V i- 1 , 2 . 5 , g : 
Cetrahydropyridin>4-vl) indole h Y rir ftr h1n r iri Q 
Compound (7b) 

Following a procedure similar to that of Example 22. 
a reaction mixture obtained from 8.5 g of 5-methoxy-3- . 
( 1 - benzyl -1,2,5,6- 1 e t rahydropy r idin - 4 - y 1 ) - lfl - indol e 
(compound 2b, as obtained in Example 18) and 7.9 g of 
4-pentenoyl chloride was partitioned between ethyl 
acetate and dilute ammonia. The organic layer was 
removed, washed with water and taken to dryness by 
evaporation in vacuo . The resulting residue was 
chromatographed on a silica gel column using, as eluent, 
a 3 : 7 by volume mixture of ethyl acetate and petroleum 
ether (boiling point 60-80°C), to give the product as a 
light yellow oil. This was dried and then dissolved in 
ethylacetate and then treated with a solution of 
hydrogen chloride in ether. The resulting light brown 
precipitate was collected by filtration, washed with 
ether and dried ia vacm? at 50 °C for four hours to 
afford the title compound in a yield of 87%. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethylsulfoxide/D 2 0, 400 MHz, 365°K) , 6 ppm: 

2.45-2.61 (2H, multiplet), 

2.90 (2H, broad singlet), 

3.10 (2H, triplet, J-7Hz) , 

3.52 (2H, broad singlet), 
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3*82 (3H, singlet), 
3.93 (2H, broad singlet), 
4,45 (2H, broad singlet) , 
5.11-5.38 (2H, multiplet) , 
5.93 (1H, multiplet) , 
6.25 (1H, broad singlet), 

7.05 (1H, doublet of doublets, J=2.3 and 9Hz) , 
7.32 (1H, doublet, J=2.3Hz), 
7.50-7,68 (5H, multiplet), 
7.83 (1H, broad singlet), 
8.32 (1H, doublet, J=*9Hz) . 



EXAMPLE 2$ 

1- (4-Pentenoyl) -3- (1- t-butox ycarbonvl - 1 . 4 , 5 , 6 - 
tetrahvdropyridin-3- yl) indole 
Compound (12) 

Following a procedure similar to that of Example 22, 
a reaction mixture obtained from 5.2 g of 3- (1-t-butoxy- 
carbonyl -1,4,5,6- tetrahydropyridin- 3 -yl ) - 1H- indole 
(compound 11, as obtained in Example 21) and 5.2 g of 
4-pentenoyl chloride in 150 ml of tetrahydrofuran was 
taken to dryness by evaporation in vacuo . 10 ml of 
tetrahydrofuran containing 1 equivalent of acetic acid 
was added to the reaction mixture, and then water was 
added, after which the reaction mixture was extracted 
with diethyl ether. The diethyl ether was removed by 
evaporation under reduced pressure, and the residue was 
stirred into a small volume of hexane and ethyl acetate 
(4 : 1 v/v) , filtered and washed with hexane. The 
product was obtained in a yield of 69% as a white solid 

Nuclear Magnetic Resonance Spectrum (CDC* 3 , 
400 MHz) , h ppm: 

1.55 (9H, singlet) , 
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2.01 (2H, broad singlet) , 
2.46 (2H, broad singlet), 

2.60 {2H, doublet of triplets, J=6.9 and 7Hz), 

3.10 (2H, triplet, Js7Hz), 

3.67 (2H, multiplet) , 

5.06 (1H, doublet, J=10.1 and 1.3Hz) , 

5.15 (1H, doublet, J»l7.i and l.3Hz), 

5.95 (1H, multiplet) , 

7.26 and 7.39 (3H, multiplet), 

7.50 and 7.65 (1H, two singlets, rotameric mixture), 
7.77-7.87 (1H, two doublets, J=7.5Hz, rotameric 

mixture) , 

8.53 (1H, multiplet) . 



PREPARATION OF 1- f 4 - PENTYNOYL) -3- (1 -BENZYL- 1.2.5.6- 
TETRAHYDRQPYR IDTNYL ) INDOLES 

EXAMPLE 26 

1- (4-Pentvnovl) -3- (l-benzvl- i.2.5.6-tetrahvdroovridin- 
3 • vl ) indole hydrochloride 
Compound U6») 

0.36 g (0.015 mol) of sodium hydride (a 60% w/v 
dispersion in mineral oil) was added to a cold solution 
of 2.88g of 3- (l-benzyl-i,2,3,6-tetrahydropyridin-3-yl) - 
1H- indole (compound la, obtained as in Example 15) in 
130 ml of dry tetrahydrofuran. The mixture was stirred 
at room temperature under an argon atmosphere for 30 
minutes and then cooled to a temperature of 0 - 5°C. A 
solution of 1.75 g of 4-pentynoyl chloride in 5 ml of 
tetrahydrofuran was added to the reaction mixture, which 
was then stirred for a further 2 hours. After chie 
time, the reaction mixture was acidified with 2N aqueous 
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hydrochloric acid and the resulting white precipitate 
was collected by filtration, washed successively with 
tetrahydrofuran, water and diethyl ether and then dried 
in vacuo to give 3.08 g of the title compound in a yield 
of 76%. 



Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethylsulfoxide/D 2 0, 400 MHz) , 6 ppm: 

2.60-2.65 (4H, multiplet) , 

2.69 (1H, triplet, J«2.5Hz), 

3.26 (2H, triplet, J=6.7Hz), 

3.30 (2H, multiplet) , 

4 .15 (2H, singlet) , 

4.42 (2H, singlet) , 
6.53 (1H, multiplet), 
7.39 (1H, triplet, J*8Hz) , 
7.45 (1H, triplet, J=8Hz), 
7.50-7.57 (5H, multiplet), 

7.87 (1H, doublet, J«7Hz) , 

7.88 (1H, singlet), 

8.43 (1H, doublet, J=8Hz) . 



EXAMPLE 27 

5-Methoxy-l- (4-pentynoyl) -3- fl -benzyl- 1 . 2 . 5 , 6- 
tetyahydrQpyridin-3-yl) ind^e hydypctUgrifle 
Co^poynfl (l$fr) 

Following a procedure similar to that of Example 26, 
but starting with 1.59 g of 5-methoxy-3- (1 -benzyl - 
1,2, 5, 6-tetrahydropyridin-3-yl) indole (compound lb, as 
obtained in Example 16), 1.69 g of the title compound 
was obtained in a yield of 78%. 



Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethylsulf oxide/D-0, 400 MHz), 6 ppm: 
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2.57 (1H, triplet, J»2.4Hz), 
2.60-2.66 (4H, multiplet) , 

3.22 (2H, triplet, J»6.4Hz), 
3.4-3.7 (2H, broad peak), 

3.82 (3H, singlet), 

4.08 (2H, singlet), 

4.48 (2H, singlet), 

6.49 (ih, multiplet), 

7.06 (1H, doublet of doublets, J=9.1 and 2.2Hz), 

7.24 (1H, doublet, J=2.2Hz), 

7.36-7.60 (5H, multiplet), 

7.77 (iff, singlet), 

8.32 UH, doublet, J=9.iHz). 



EXAMPLE 2fl 

5 - Benzyl oxv- 1 - (4 ■ pentyn nyl ) - 3 - f 1 -henzvl - 1 . 2 . S . 6 - 
tetrahYdrppyrjdin-3-vl ) indole h ydrochloride 
Compound tier.) 

Following a procedure similar to that of Example 26, 
but starting with 4.0 g of 5-benzyloxy-3- (1-benzyl- 
1,2,5,6-tetra- hydropyridin- 3 -yl) indole (compound lc, as 
obtained in Example 17), 3. .41 g of the title compound 
was obtained in a yield of 65%. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethylsulfoxide/D 2 0, 400 MHz), 6 ppm: 

2.59-2.65 (5H, multiplet), 

3.20 (2H, triplet, J=6.5Hz), 

3.40 (2H, broad singlet), 

4.05 (2H, singlet), 

4.45 (2H, singlet), 

5.16 (2H, singlet), 

6.40 (1H, multiplet), 

7.11 (1H, doublet of doublets, J»9.0 and 2.2Hz), 



ZZ92685A I > 



144 



7.28 (1H, doublet, J=2.2Hz), 
7.36-7.58 (10H, multiplet), 
7.77 (1H, singlet) , 
8.32 (1H, doublet, J=9.0Hz). 

i - f 4 : Pent yr^yl ) -3 ■ ( 1 : benzvl - 1 , 2 , 5 , 6 1 te t rahydropyridin - 
4 - Y n indole hydrochloride 
Compound <l9a) 

Following a procedure similar to that of Example 26, 
but starting with 9.0 g of 3- (1-benzyl-l , 2 , 5 , 6 - 
tetrahydropyridin- 4 -yl) indole (compound 2a, as obtained^ 
in Example 14), 9.53 g of the title compound was 
obtained in a yield of 76%. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethylsulfoxide/D 2 0, 400 MHz) , 6 ppm: 

2.61 (2H, triplet of doublets, J=6.8 and 2.4Hz), 

2.72 (1H, triplet, J=2.4Hz), 

2.87 (2H r broad singlet) , 

3.29 (2H, triplet, J=6.8Hz), 

3.45 (2H, broad singlet), 

3 .84 (2H, singlet) , 

4.39 (2H, singlet) , 

6.35 (1H, broad singlet) , 

7.37 (1H, triplet, J-=8Hz) , 

7.43 UH, triplet, J=8Hz) , 
7.51-7.57 (5H, multiplet), 
7.91 (1H, doublet, J=8Hz) , 
7.96 (1H, singlet) , 

8.44 (1H, doublet, J»8Hz) . 
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EXAMPLE ™ 

5-Methoxy-l- U-pentynoyl) .3- M -h enzvl-i . ? , s . fi- 
tetrahvdropvridin-4 -vl) indole hvdrorhlnr iHo 
Compound f]Qh) 

Following a procedure similar to that of Example 26, 
but starting with 3.18 g 5-methoxy-3- (l-benzyl-l,2,5,6- 
tetrahydropyridin- 4 -yl) indole (compound 2b, as obtained 
in Example 18), 3.77 g of the title compound was 
obtained in a yield of 89%. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethylsulfoxide/D 2 0, 400 MHz) , b ppm: 

2.61 (2H, triplet of doublets, J=6.7 and 2.4Hz), 

2.68 (1H, triplet, J=2.4Hz), 

2.86 (2H, broad singlet), 

3.25 <2H, triplet, J=6.7Hz), 

3.47 (2H, broad singlet), 

3.82 (3H, singlet), 
. 3.84 (2H, singlet) , 

4.39 (2H, singlet), 

6.31 (1H, broad singlet) , 

7.04 (1H, doublet of doublets, J=9.0 and 2.3Hz), 

7.3* (1H, doublet, J=2.3Hz), 

7.52-7.57 (5H. multiplet) , 

7.91 (1H, singlet) , 

8.34 (1H, doublet, J=9.0Hz) . 



EXAMPLE 31 

5 - Benzyloxy- 1 - ( 4 -pentynovl ) - 3 - ( 1 - benzvl • 1 , 2 . 5 . 5 - 
tetrahvdropvridin-4-yn -i ndole hydrochloride 
Compound (19c) 

Following a procedure similar to chat of Example 26, 
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but starting with 3.95 g of 5-benzyloxy-3- (1-benzyl- 
1,2,5, 6-tetrahydropyridin-4-yl) indole (compound 2c, as 
obtained in Example 19), 3.89 g of the title compound 
was obtained in a yield of 76%. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethylsulfoxide/D 2 0, 400 MHz) , 6 ppm: 



2 


.61 


(2H, 


triplet of doublets, 


2 


.68 


(1H, 


triplet, J=2 .4Hz) , 


2 


.83 


(2H, 


broad singlet) , 


3 


.24 


(2H, 


triplet, J-6 . 8Hz) , 


3 


.44 


(2H, 


broad singlet) , 


3 .81 


(2H, 


singlet) , 


4 


.36 


(2H, 


singlet) , 


5 


.17 


(2H. 


singlet) , 


6 


.25 


(1H, 


broad singlet) , 


7 


.11 


(1H, 


doublet of doublets, 


7 


.34- 


7.58 


(11H, multiplet) , 


7 


.90 


(1H, 


singlet) , 


8 


.33 


(1H, 


doublet, J=9.1Hz) . 
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PREPARATION OF PENTACYCLIC TETRAHYDROCARBAZQLES 



aaaELE 33 

3-Benzvl»i.2.3.4.4a .4b.5.5a.6-7-deeahvdronvridof3,4-c1 
pyr ido f 1 . 2 , 3 - 1ml car bazol - 8 - one 
rtpmpound (9a) 

Method l 



S.55 g (0.014mol) of 1- (4 -pentenoyl) -3- (l-benzyl- 
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1 , 2 , S , 6 - tetrahydropyridin- 4 -yl ) indole hydrochloride 
(compound 7a, as obtained in Example 22) were suspended 
in 550 ml of diphenyl ether and gradually heated to 
230°C under a slow stream of argon. The reaction 
mixture was stirred at 230°C for up to 4 hours until the 
hydrochloride starting material was fully consumed. The 
solvent was then removed in vacup and the residue 
chromatographed on a silica gel column using ethyl 
acetate as eluent. 3.75 g of the crude product (yield 
of 74%) was obtained after recrystallization from ethyl 
acetate as light green needles. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethylsulfoxide/D 2 0, 400 MHz, 375K), b ppm: 

1.45-1.65 (2H, multiplet), 

1.70-1.81 (1H, multiplet), 

1.95-2.11 (3H, multiplet), 

2.21-2.33 (2H, multiplet), 

2.43-2.S2 (2H, multiplet), 

2.56 (1H, multiplet), 

2.63-2.73 (2H, multiplet), 

2.81-3.0 (2H, multiplet), 

3.40 <2H, singlet), 

7.18-7.33 (7H, multiplet), 

7.6C (1H, doublet) , 
. 8.30 (1H, doublet) . 

Method 2 

0.5 g (0.0013 mol) of 3 -benzyl-1, 2, 3 , 4 , 4a, 5 , 5a, 6 , 7, - 
13c- decahydropy r ido [ 3 , 4 - c ] py r ido ( l , 2 , 3 - lm) carba z ol - 8 - one 
(compound 8a, as obtained in subsequent Example 37) was 
suspended in 70 ml of mesitylene containing a catalytic 
amount of hydrogen chloride. The reaction mixture was 
then gradually heated to 150 - 160°C under a slow stream 
of argon gas for one. hour. The solvent was removed by 
evaporation in vacuo and the residue was recrystallized 



148 



from isopropanol to give Che title compound in a yield 
of 83*. 



PSAMPPE 34 

2 -Benzvl • l . 2 . 3 . 4 . 4a. 4b . S . Sa . 6 . 7-decahvdropvrido f 4 , 3 -cl - 
pyrido f 1 . 2 . 3 • 1ml carbazol • 8 - one 
Compound (5a) 

Following a procedure similar to that of Example 33, 
Method 2, but starting from 0.1 g of 2 -benzyl -1,2, 3,4, - 
4a , 5 . 5a, 6 , 7 , i3c-decahydropyrido (4 , 3 - c] pyrido [1,2,3-lm, J - 
carbazol -8 -one (compound 4a, as obtained in Example 
36). The title compound wa9 obtained in a yield of 92%. 

Nuclear Magnetic Resonance Spectrum (tetradeuterated 
methanol, 500 MHz, 300K) , i ppm: 

1.72 (2H, multiplet) , 

1.92 (1H, multiplet) , 

2.16 (3H, multiplet) , 

2.50 (1H, multiplet) , 

2.80-2.96 (3H, multiplet), 

3.08 (1H, multiplet) , 

3 .27 (1H, multiplet) , 

3.38 (1H. multiplet) , 

3.54 (2H, multiplet) , 

4.20 (1H, doublet, J=13Hz) , 

4.44 (1H, doublet, J=l3Hz) , 

7.01 (1H, multiplet) , 

7.25 (1H, triplet, J=8Hz) , 

7.46-7.52 (5H, multiplet), 

7.60 (1H, triplet, J=7.4Hz), 

8.36 (1H, doublet, J=8Hz) . 
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5 -Mgthpxy- 3 -benzyl -1,2, 3. 4. 4a. 4b. 5. 5a. 6. 7-decahvdro- 
pyrido f 3 . 4 - cl pvrido H , 2 . 3 - 1ml carbarn -ft^no 
Copippuncj (gb) 

Following a procedure similar to that of Example 33, 
Method 1, but starting with 4.0 g (0.01 mol) of 
5-methoxy-l- (4-pentenoyl) -3- (l-benzyl-1,2, 5, 6-tetrahydro- 
pyridin- 4 -yl) indole hydrochloride (compound 7b, as 
obtained in Example 24) in 300 ml of diphenyl ether, the 
resulting dried residue from the cyclisation reaction 
was neutralised with a 2N aqueous solution of sodium 
hydrogencarbonate and extracted with diethyl ether. The 
resulting residue was then chromatographed on silica gel 
using ethyl acetate as eluent. The resulting eluate was 
recrystallised twice from petroleum ether (boiling point 
60-80°C to afford the title compound as a white powder 
in a yield of 60%. 

Nuclear Magnetic Resonance Spectrum (CDC* 3 , 
400 MHz) , 6 ppm: 

1.49-1.70 (3H, multiplet), 

1.83-2.23 (4H, multiplet) , 

2,42 (1H, broad singlet) , 

2 .56 (1H, multiplet) , 

2.67-2.91 (5H, multiplet), 

3.18 (1H # multiplet) , 

3.38-3.51 (2H, multiplet), 

3.85 (3H, singlet), 

6.88 (1H, doublet of doublets, J=2.4 and 8.9Hz), 
7.05 (1H, doublet, J=2.4Hz), 
7.25-7.32 (5H, multiplet), 
8.34 (1H, doublet, J=8.9Hz). 
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EXAMPLE 3 6 

2>Ben2yl^i < 2,3.4.4a.S.5a.6.7.i3c-decahvdroDvridQf4.^r] - 
pyrido f l . 2 . 3 ■ 1ml carbazol - 8 - one 
Compound (4a) 

3.5 g (0.009 mol) of 1- (4-pentenoyl) -3- (l -benzyl - 
1,2,5,6- tetrahydropyridin- 3 -yl ) indole hydrochloride 
(compound 3a, as obtained in Example 23) wa9 refluxed in 
150 ml of mesitylene for 7 days under a stream of argon 
gas. The solvent was removed by evaporation in vacuo 
and the resulting residue was recrystallised from 
isopropanol to give the product as colourless flakes in 
a yield of 88%. 

Nuclear Magnetic Resonance Spectrum (CDCi^, 
400 MHz) , 6 ppm: 

1.49-2.02 <7H, multiplet), 

2.31-2.75 (5H, multiplet), 

3 .00 (1H, multiplet) , 

3.50 (1H, doublet, J=13Hz) , 

3.13 (1H, doublet, J=13Hz) , 

4.11 (2H, multiplet) , 

6.90 (1H, triplet, J=7.5Hz) , 

7.06 (1H, doublet, J=7.5Hz), 
7.19 (1H, triplet, J»8Hz) , 
7.25 (5H, multiplet), 

8.18 (1H, doublet, J=8Hz) . 



EXAMPLE U 

3 - Benzvl -1.2. 3. 4, 4a. ,5, 5a. 6, 7, 13 c -decahvdrcovr ido - 
f 3 . 4 - cl pvrido f 1 1 2 , 3 - 1ml carbazo l - 8 - one 
Compound (9a) 



The title compound was obtained in a similar Tanner 
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co that of Example 36, but starting with 1.27 g of 
1- (4-pentenoyl) -3- (l-benzyl-i,2,5,6-cecrahydropyridin- 
4-yl) indole hydrochloride (compound 7a, as obtained in 
Example 22). The yield was 79%, without 
recrystallisation. 

Nuclear Magnetic Resonance Spectrum (CDCt 3 , 
400 MHz) , b ppm: 

1.45-1.58 (2H, mulciplec), 

1.63-1.81 (2H, mulciplec), 

1.92-2.04 (3H, mulciplec), 

2.39 (1H, mulciplec), 

2.59 (1H, mulciplec), 

2.68-2.74 (2H, mulciplec), 

2.88 (1H, mulciplec), 

2.97 (1H, mulciplec), 

3.03 (2H, mulciplec), 

3.49 (1H, doublec), 

3.55 (1H, doublec), 

4.10 (1H, mulciplec) , 

7.05 (1H, criplec), 

7.21 (1H, criplec), 

7.25-7.34 (5H, mulciplec) , 

7.48 (1H, doublec), 

8.17 (1H, doublec) . 

The title compound was obtained as a racemic mixture 
of two enantiomers. The enantioiners were separated by 
means of High Performance Liquid Chromatography using a 
chiral column under the following condicions: 

Column: Chiralpak AD (crademark, purchased from 
Daicel chemical Induscries, Led); 

Column Size: 25 cm x 0.46 cm; 

Mobile Phase: Hexane/2-propanol (isocracic run; 
9 : 1) +0.1% diechylamine; 
Flow Race: 1 ml/minuce; 
UV Dececcor: 254 nm; 
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The retention time9 of the two enantiomers were 19.0 
and 23.3 minutes and, following the above conditions, 
about l mg of each pure enantiorner was obtained from 
3 mg of the racemate 8a. 

EXAMPLE 38 

5 -Methoxy- 3 -benzyl -1,2, 3 ,4. 4a. 4b. 5.5a. 6, 7, 13c-decahydro- 
pyr ido f 3 . 4 - cl pyrido f 1 . 2 . 3 - 1ml carbazol - 8 - one 
Cgmppyinfl (9fr) 

Following a procedure similar to that of Example 36, 
but starting with 0.5 g of 5-methoxy-l- (4-pentenoyl) -3- 
( 1 - benzyl -1,2,5,6 • t etrahydropyridinyl • 4 - yl ) indole 
(compound 7b, as obtained in Example 24, but as free 
base obtained by neutralisation with dilute aqueous 
sodium hydrogencarbonate ) . The resulting residue was 
chromatographed on silica gel using, as eluent a 4 : 1 
by volume mixture of ethylacetate and hexane to give the 
title compound as a light yellow powder in a yield of 
80%. 

Nuclear Magnetic Resonance Spectrum (CDC* 3 , 
400 MHz) , 6 ppm: 

1.42-1.55 <2H, multiplet) , 

1.61-1.70 (2H, multiplet), 

1.88-2.01 (3H, multiplet), 

2.38 (1H, multiplet) , 

2.60 (1H, multiplet) , 

2.82-3.01 (3H, multiplet), 

3.49 (1H, doublet, J»13Hz) , 

3.55 (1H, doublet, J»13Hz) , 

3.80 (3H, singlet), 

4.09 (1H, multiplet) , 

6.75 (1H, doublet, J»9Hz) , 

7.06 (1H. singlet) , 
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7.32 (5H, multiplet) , 
8.10 (1H, doublet, J=9Hz) . 



EXAMPLE 3 9 

1,2. 3. 4, 4a, 5. 5a. 6. 7, 13c-Dacahyd ropyrido f2 . 3 - cl pyrido- 
f 1 , 2 . 3 : 1ml carbazol - B - one 
Compound Hi) 

Following a procedure similar to that of Example 33 
but starting from 0.5 g of l- (4-pentenoyl) -3- (1-t-butoxy- 
carbonyl-l,4,5,6-tetrahydropyridin-3-yl) indole (Compound 
12, as obtained in Example 25), the title compound was 
obtained by recrystallisation of the resulting residue 
from a mixture of ethyl acetate, methanol and hexane as 
light green needles in a yield of 80%. 

Nuclear Magnetic Resonance Spectrum (400 MHz, CDC1 3 ), 
6 ppm: 

1.49-1.98 (7H, multiplet), 
2.17 (1H, multiplet) , 
2.62-2.90 (2H, multiplet), 
2.94 (1H, multiplet) , 

3.22 (2H, multiplet) , 

3.43 (1H, doublet, J=5.6Hz), 
4.05 (1H, multiplet) , 
7.10 (1H, triplet, J*8Hz) , 

7.23 (1H, triplet, J«8Hz) , 
7.54 (1H, doublet, J=8Hz) , 
8.17 (1H, doublet, J*8Hz) . 
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EXAMPLE 40 

l . 2 . 3 . 4 . 4a , Afr , s r ? , 6 . 7 - Decahvdropvrido f 2 , 3 = g] pyrido- 
r l . 2 . 3 - lml carbazol = 8 ; one 
Compound ( 14 ) 

Mgthpd 1 

0.10 g of 1, 2,3,4,4a,5,5a,6,7,l3c-decahydropyrido- 
[2, 3-c]pyrido[l,2, 3 -1m] carbazol -8-one (compound 13, as 
obtained in Example 39) was dissolved in 25 ml of 
diphenyl ether containing a catalytic amount (0.08 g) of 
concentrated aqueous hydrogen chloride in 0-5 ml of 
ethanol. The reaction mixture was then heated to 
90 - 95°C for 30 minutes, cooled and then diluted with 
diethyl ether. The resulting precipitate was collected 
by filtration, washed with diethyl ether and 
recrystallized from a mixture of ethyl acetate, methanol 
and hexane to give the title compound as light green 
needles in quantitative yield. 

Nuclear Magnetic Resonance Spectrum (tetradeuterated 
methanol, 400 MHz), b ppm: 

1.54 (1H, ntultiplet), 
1.72-1.88 (2H, ntultiplet), 
1.93 (1H, multiplet) , 
2.13 (1H, multiplet) , 
2.21 (1H, multiplet) , 
2.45 (1H, multiplet) , 
2.84-2.96 (3H, multiplet), 
3.07-3.20 (2H, multiplet), 
3.30 (1H, multiplet) , 

3.55 (1H, multiplet) , 
3.89 (1H, multiplet) , 
7.27-7.33 (2H, multiplet), 
7.69 (1H, multiplet) , 
8.40 (1H, multiplet) . 
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Method 3 

1.0 g of 1- (4-pentenoyl) -3- (l-benzyl-i,2,5,6-tetra- 
hydropyridin-3-yl) indole hydrochloride (compound 3a, as 
obtained in Example 23) was heated in 100 ml of diphenyl 
ether to 240°C for 3 hours under an argon atmosphere 
with no gas-flow. After this time, the reaction mixture 
was diluted with diethyl ether and then hydrogen 
chloride in diethyl ether was added. The resulting 
precipitate was collected by filtration, washed with 
diethyl ether and dried by evaporation in vacuo . 0.96 g 
of the product, 4-benzyl l,2,3,4,4a,5,5a,6,7,i3c-deca- 
hydropyr ido [2 , 3 - c ] pyr ido [ 1 , 2 , 3 - lm] carbazol - 8 - one 
hydrochloride, was obtained as a light green powder in a 
yield of 96%. 

Nuclear Magnetic Resonance Spectrum (tetradeuterated 
methanol, 400 MHz) , 6 ppm: 

1.54-1.65 (1H, multiplet), 

1.77-1.88 (2H, multiplet), 

1.93-2.05 (2H, multiplet), 

2.09-2.24 (1H, multiplet), 

2.31-2.38 (1H, multiplet), 

2.74-2.93 (2H, multiplet), 

2.96-3.23 (3H, multiplet), 

3.34-3.43 (1H, multiplet), 

3.67-3.71 (1H, multiplet), 

3.86 (1H, broad singlet), 

4.57 (1H, doublet, J=13.4H2), 

4.66 (1H, doublet, J-l3.4Hz), 
7.25-7.33 (2H, multiplet), 
7.47-7.52 (3H, multiplet), 
7.59-7.63 (2H, multiplet), 

7.67 (1H, doublet, J»7Hz) , 

8.40 (1H, doublet of doublets, J»7 and 1.4Hz) . 
0.62 g of the product obtained above was suspended, 
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together with 0.60 g of 5% w/w palladium- on- charcoal , in 
120 ml of methanol. The resulting mixture was stirred 
under an atmosphere of hydrogen gas at room temperature 
for 50 minutes. The catalyst was then removed by 
filtration and the filtrate was concentrated ia vacuo to 
give 0.42 g of a solid residue which was recrystallized 
from methanol as 0.14 g of colourless needles in a yield 
of 28%. The resulting product was determined to be 
identical with the compound obtained using method 1 by 
nuclear magnetic resonance spectroscopy and by mass 
spectroscopy. 



DEBENZYLATION REACTIONS 



EXAMPLE 41 

l , 2 . 3 , 4 . 4a , 4b , 5 , 5a , 6 . 7 -Decahvdropvrido [ 3 , 4 - c ] pyr ido- 
•f l. 2 . 3 -lml carbazol-8-one 
Compound (10a) 

General procedure 

A suspension of 0.5 g (1.25 mmol) of the 
hydrochloride salt of 2-benzyl-l,2,3,4,4a,4b,5,5a,6, 7- 
decahydropyr ido [ 3 , 4 - c ] py r ido [ 1 , 2 ; 3 - lm] carba zol - 8 - one 
hydrochloride (compound 9a, as obtained in Example 33) 
and 0.25 g of 5% w/w palladium- on- carbon in 100 ml of 
methanol was stirred under an argon atmosphere for 10 
minutes, and subsequently under hydrogen gas at 
atmospheric pressure at 40°C for 2 hours. After this 
time, the reaction mixture was filtered to remove the 
catalyst and the filtrate taken to dryness by 
evaporation in vacuo . The residue was recrystallized 
from isopropanol to give the title compound as needles 
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in a yield of greater than 90%. 

Nuclear Magnetic Resonance Spectrum (D 2 0, 400 MHz), 
b ppm: 

1.37 (1H, multiplet) , 

1.51 (1H, multiplet) , 

2.05 (2H, multiplet) , 

2.21 (1H, multiplet) , 
2.55-2.85 (6H, multiplet), 
3.07 (1H, triplet), 

3.22 (1H, broad singlet), 
3.35 (2H, multiplet) , 
7.25 (2H, multiplet) , 
7.55 (1H, doublet), 

8.05 (1H, doublet). 



EXWLS 42 

1 . 2 . 3 . 4 , 4a, 4b, 5 . Sa, 6 . 7- Decahvdropvrido f 4 . 3 - cl pvrido- 
[ 1 , 2 , ? : 1ml cflrbazol, - 8 - 
Compound (6a) 

Following a procedure similar to that of Example 41, 
but starting with 0.40 g of the hydrochloride salt of 
2 - benzyl -l f 2,3,4,4a,4b,5,5a r 6,7-de cahydr opy r ido [ 4 , 3 - c ] - 
pyrido [1,2,3- lmj carbazol - 8 • one hydrochloride ( compound 
5a, as obtained in Example 34), the title compound was 
obtained in a yield of 90%. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethylsulfoxide/D 2 0, 400 MHz) , & ppm: 

1.59-1.71 (2H, multiplet), 

1.81-1.95 <2H, multiplet), 

2.15 (2H, multiplet) , 

2 .45 (1H, multiplet) , 

2.79-3.12 {4H, multiplet), 
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3.30 (1H, raultiplet) , 

3.40 (1H, multiplet) , 

3 .49 (1H, multiplet) , 

4.22 (1H, multiplet) , 

7.50 (2H f multiplet) , 

7.72 (1H, doublet) , 

8.36 (1H, doublet) . 



?-Metft<?KY- 1 < 2 1 3 , 4 1 4a, 4b, § , ggt, 7-<a 9 gahYdrppYridQ [? g 3 -c] - 
PYVWq 1 1 , ? g 3 - \m\ ^rfr^ol - 8 - ope hYflrochlor idg 
Compgynfl (;0b) 

The title compound was obtained by following a 
procedure similar to that of Example 41 , but starting 
with 0.79 g of the hydrochloride salt of 5-methoxy-3 - 
benzyl - 1 , 2 , 3 , 4 , 4a , 4b , 5 , 5a , 6 , 7 - decahydropy rido { 3 , 4 - c ] - 
pyridotl,2,3-lm]carbazol-8-one (compound 9b, as obtained 
in Example 35) . The resulting residue was run through a 
short column of silica gel using 5% v/v ammonia in 
methanol as the eluent. After evaporation of solvent 
under reduced pressure, the residue was dissolved in a 
mixture of isopropanol and diethyl ether and then 
treated with a solution of hydrogen chloride in diethyl 
ether. The resulting precipitate was collected by 
filtration, washed with diethyl ether and dried in vacuo 
at 50°C for four hours to afford the title compound in a 
yield of 90%. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethyl sulfoxide, 400 MHz), 6 ppm: 

1.60 (2H, multiplet), 

2.02 (2H, multiplet), 

2.18 (1H, multiplet) , 

2.45 (2H, multiplet) , 
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2.70 (2H, multiplet) , 

2,91 {3H, multiplet) , 

3.21 <2H, multiplet) , 

3.30 (1H, multiplet) , 

3.80 (3H, singlet), 

6.90 (1H, doublet of doublets, J=2.3 and 8.9Hz), 

7.10 (1H, doublet, J=2.3Hz), 

8.20 (1H, doublet, J=8.9Hz). 



PREPARATION OF 1.2, 3,4.6.7- HEXAHYDROPYRIDO f 4 . 3 - r OR 
3 , 4 : cl PYRIDO f 1 , 2 . 3 - 1m l CARBAZOL- 8 - ONES 



EXAMPLE 44 

3 - Benzyl ^,2,3,4,6,7- hexahvdroovr ido f 3 . 4 - c 1 ovr ido - 
f 1 1 2 , 3 - 1ml carbazol - 8 - one 
Compound (20a) 

1.0 g of 1- (4-pentynoyl) -3- (l-benzyl-1,2, S^-tetra- 
hydropyridin^-yl) indole hydrochloride {compound 19a, as 
obtained in Example 29) was heated in 100 ml of diphenyl 
ether to 230 - 240°C for 5 hours under a slow stream of 
argon, The solvent was then removed by evaporation 
under reduced pressure and the residue was 
chromatographed on a silica gel column using, as eluent, 
a 1 : 1 by volume mixture of ethyl acetate and toluene 
to give 0.51 g of the product as a crystalline solid in 
a yield of 56%. 

Nuclear Magnetic Resonance Spectrum (CDCe 3 , 
400 MHz) , b ppm: 

2.93 (2H, triplet, J=S.9Hz), 

3.01 (2H, triplet, J=7.5Hz), 
3.20 (2H, triplet, J=7.5Hz), 
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3-36 (2H, triplet, J=5.9Hz), 
3.76 (4H, singlet), 
6.93 (lH f singlet) , 
7.25-7.45 (6H, multiplet) , 
7.50 (1H, triplet, J»8Hz) , 
7.98 (1H, doublet, J=8Hz) , 
8.54 (1H, doublet, J=»8Hz) . 



EXAMPLE 45 

2 - Benzvl -1.2.3,4.6.7- hexahvdropvrido f 4 , 3 - c 1 pvr ido - 
f l . 2 . 3 = lm1 carbazoi - 8 - one hydrochloride 
Compound (17a) 

A suspension of 0.62 g of 1- (4-pentynoyl) -3- 
( l - benzyl -1,2,5,6- tetrahydropyridin- 3 -yl ) indole 
hydrochloride (compound 16a, as obtained in Example 26) 
in 130 ml of diphenyl ether was gradually heated to 
230 - 240 °C under a slow stream of argon. The reaction 
mixture was maintained at this temperature for 1 hour, 
then cooled to room temperature, diluted with diethyl 
ether and acidified with hydrogen chloride in diethyl 
ether. The resulting precipitate was collected by 
filtration, washed with diethyl ether and dried under 
reduced pressure. 0.61 g of the product was obtained as 
a pale yellow powder in a yield of 94%. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethylsulfoxide/D 2 0, 400 MHz) , 6 ppm: 

3.03 (2H, triplet, J=7.4Hz), 

3.20-3.30 (4H, multiplet), 

3.53 (2H, broad singlet) , 

4.56 (2H, singlet) , 

4.81 (2H, singlet), 

7.28 (1H, singlet) , 

7.51 (1H, triplet, J=8Hz) , 
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7.56-7.65 (6H, multiplet) , 
7.84 (1H, doublet, j«8Hz) , 
8,45 (IH, doublet, J=8Hz) . 

Following a procedure similar to that of Example 45, 
but using the appropriate starting materials in 
appropriate quantities, the following compounds of 
Examples 46 to 50 were obtained. 



EXAMPLE 4$ 

2-Benzyl-12-methoxv-l , 2.3,4. 6 , 7-hexahvdropvrido f 4 . 3 - cl - 
pyrjdp [ 1 , 2 , 3 - lm] c^rbazQl - 9 - cpne hydrochloride 
Compound (17b) 

The starting material was 960 mg of 5-methoxy-l- (4- 
pentynoyl) -3- (1 -benzyl- l , 2, 5 , 6-tetrahydropyridin-3 -yl) - 
indole hydrochloride (compound 16b, as obtained in 
Example 27) . 920 mg of the title compound was obtained 
as a white powder in a 96% yield. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethylsulfoxide/D 9 0, 400 MHz) , b ppm: 



2 


.98 


(2H, 


triplet, J=7.5Hz), 


3 


.23 


(2H, 


triplet, J=7.5Hz), 


3 


.26 


(2H, 


broad singlet) , 


3 


.65 


(2H, 


broad singlet) , 


3 


.85 


(3H, 


singlet) , 


4 


.63 


(2H, 


singlet) , 


4 


.76 


(2H, 


singlet) , 


7 


.10 


UH, 


doublet, J=1.8Hz), 


7 


.19 


(IH, 


doublet of doublets, 


7 


.27 


(IH, 


singlet) , 


7 


.56- 


7.71 


(5H, multiplet) , 


8 


• 31 


(IH, 


doublet, J=8.9Hz) . 
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EXAMPLE 47 

2 j, Beyi3Yl-12 -bgpEYlQxy- 1,2.1.4.6. 7 -hexahvdropyrido- 
f 4 . 3 - cl pvrido f 1 . 2 . 3 - 1ml car bazol - 8 • one hvdrochlori rip 

Compound tiir-) 

The starting material was 1.06 g of 5 -benzyl oxy-1- 
( 4 - pentynoy 1 ) - 3 - ( 1 - benzyl -1,2,5,6-tet rahydropy r idin - 
3 -yl) indole hydrochloride (compound 16c, as obtained in 
Example 28). 0.88 g of the title compound was obtained 
as a white powder in a yield of 83%. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethylsulfoxide/D 2 0, 400 MHz), 6 ppm: 

2.98 (2H, triplet, J=7.5Hz), 

3.23 (2H, triplet, J=7.5Hz), 

3.26 (2H, broad singlet), 

3.66 (2H, broad singlet), 

4.64 (2H, singlet), 

4.76 (2H, singlet), 

5.13 <2H, singlet), 

7.20 (1H, doublet, J=2.3Hz), 

7.26 (1H, doublet of doublets, J=8.9 and 2.3Hz), 
7.28 (1H, singlet), 
7.39-7.72 (10H, multiplet) , 
8.31 (1H, doublet, J=8.9Hz). 



EXAMPLE 48 

3 - Benzyl - 12 -methoxv- 1 .2.3. 4.6. 7 -hexahvdropvri do f 3 . 4 - cl - 
pvridofl.2.3-lm1 carbazol -8 -one hydrochloride 
Compound (2 0b) 

The starting material was 1.21 g of 5-methoxy-l- (4- 
pentynoyl) -3- ( 1- benzyl -l , 2, 5 , 6- tetrahydropyridin-4 -yl) - 
indole hydrochloride (compound 19b, as obtained in 
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Example 30). 1.18 g of the title compound was obtained 
as a white powder in a greater than 95% yield. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethylsulfoxide/D 2 0, 400 MHz) , 6 ppm: 

2.99 (2H, triplet, J=7.SHz), 

3.22 (2H, triplet, Jo7.5Hz), 

3.58 (2H, broad singlet), 

3.64 (2H, broad singlet) , 

3.89 (3H, singlet), 

4.42 (2H, singlet), 

4.47 (2H, singlet), 

7.17 (1H, singlet), 

7.21 (1H, doublet of doublets, J»9.0 and 2.2Hz), 
7.52 (1H, doublet, J-2.2HZ), 
7.54-7.60 (5H, multiplet) , 
8.33 (1H, doublet, J=9.0Hz). 



EXAMPLE 49 

3 - Benzvl - 12 -benzvloxv- 1. 2.3.4.6. 7 -hexahvdropyri do- 
f 3 , 4 - cl ovrido f 1 . 2 . 3 - 1ml carbazol - 8 -one hydrochloride 

Compound <20e) 

The starting material was 1.12 g of 5-benzyloxy-l- 
( 4 - pentynoyl ) - 3 - ( l - benzyl -1,2,5,6- tetrahydropy ridin - 
4-yl) indole hydrochloride (compound 19c, as obtained in 
Example 31). 1.04 g of the title compound was obtained 
as a white powder in a 92% yield. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethylsulf oxide/D 2 0, 400 MHz) , 8 ppm: 

2.98 (2H, triplet, J=7.5Hz), 

3.22 (2H, triplet. J=7.5Hz), 

3.55 (2H, broad singlet), 

3.63 (2H, broad singlet), 
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4.42 (2H, singlet), 

4.47 (2H, singlet), 

5.24 (2H, singlet) , 

7.17 (1H, singlet), 

7.28 (1H, doublet of doublets, J-8.9 and 1.8Hz), 

7.36-7.61 (11H, multiplet) , 

8.32 (1H, doublet, J«8.9Hz). 



[EXAMPLE 50 1 



EXAMPLE 51 

1.2.3.4.6. 7 -Hexahvdronvrido [3 , 4 - c l pvrido f 1 . 2 . 3 - 1ml - 
carbazol-8-one hydrochloride 
Compp^d (21») 

0.32 g of 3-benzyl-l,2,3,4,6,7-hexahydropyrido- 
[3,4-c]pyrido[l,2, 3-lm] carbazol-8-one (compound 20a f as 
obtained in Example 44) and 0.30 g of 5% w/w 
palladium- on- carbon were suspended in 300 ml of methanol 
and 0.44 ml of 2N aqueous hydrochloric acid. The 
mixture was stirred under an atmosphere of hydrogen at 
room temperature for 2 hours. The reaction mixture was 
then filtered to remove the catalyst and the filtrate 
was taken to dryness by evaporation in vacuo . The 
residue was recrystallized from methanol to give 0.17 g 
of the title compound as colourless needles in a yield 
of 64%. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethylsulfoxide/D 2 0, 400 MHz) , 6 ppm: 

2.99 (2H, triplet, J=7.5Hz), 

3.22 (2H, triplet, J=7.5Hz), 

3.47 (2H, triplet, J=6.1Hz), 

3.61 (2H, triplet, J«6.1Hz), 
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4.44 (2H, singlec), 

7.21 (1H, singlet), 

7.49 (1H, triplet, J«8Hz) , 

7.57 (iH, triplet, J«8Hz) , 

8.03 (1H, doublet, J»8Hz) , 

8.34 (1H, doublet, J*8Hz) . 



EXAMPLE 52 

I, 2,3,4, 6, 7- Hexahvdropyrido f 4 . 3 - c 1 pyr ido f 1 . 2 . 3 - 1ml - 
carbazol-8-one hydrochloride 
Compound fiflal 

A suspension of 0.61 g of 2-benzyl-l, 2 , 3, 4 , 6 , 7-hexa- 
hydropyrido [4 , 3 - c) pyr ido [1 , 2 , 3 - 1m] carbazol- 8- one 
hydrochloride (compound 17a, as obtained in Example 45) 
and 0.65 g of 5% w/w palladium- on- charcoal in 120 ml of 
methanol was stirred under an atmosphere of hydrogen at 
40 °C. The reaction mixture was filtered to remove the 
catalyst and the filtrate was taken to dryness, by 
evaporation in vacuo, to yield 0.46g of product (yield 
of 97%) . The residue wa9 recry9tallized from a 9 : l by 
volume mixture of methanol and water to give 0.16 g of 
the title compound as colourless needles in a yield of 
33%. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethylsulfoxide/D-O, 400 MHz) , 6 ppm: 



3 


.02 


(2H, 


triplet, 


J»7.4Hz) , 


3 


.21 


(2H, 


triplet, 


J=6.0Hz) , 


3 


.26 


(2H, 


triplet, 


J-7.4H2) , 


3 


.53 


(2H, 


triplet, 


J=6.0Hz) , 


4 


.77 


(2H, 


singlet) , 




7 


.28 


(1H, 


singlet) , 




7 


.52 


(1H, 


triplet, 


J=8Hz) , 


7 


.61 


(1H, 


triplet,. 


J=8Hz) , 
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7.93 (1H, triplet, J=8Hz) , 
8.40 (1H, triplet, J=8Hz) . 

Following a procedure similar to that of Example 52, 
but using the appropriate starting materials in 
appropriate quantities, the following compounds of 
Examples 53 to 57 were obtained. 



EXAMPLE ?3 

12 -Methoxv- 1 .2. 3,4,6,7- hexahvdropyrido f 4 . 3 - c) oyrido- 
n , 2 , 3 - 1ml carbazol -8 -one hydrochloride 
Compound (18b) 

The starting material was 850 mg of 2 -benzyl -12- 
methoxy- 1, 2 , 3 , 4 , 6 , 7-hexahydropyrido [4 , 3 - c] pyrido- 
[1,2,3-lm] carbazol- 8 -one hydrochloride (compound 17b, as 
obtained in Example 46) , and 610 mg of the title 
compound was obtained in a 91% yield. Recrystallisation 
of the title compound from a 9 : 1 by volume mixture of 
methanol and water gave colourless needles. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethylsulf oxide/D^O, 400 MHz) , b ppm: 



2 


.98 


(2H, 


triplet, J=7 


• 4Hz) , 


3 


.18 


<2H, 


triplet, J=5 


•9Hz) , 


3 


.23 


(2H, 


triplet, J=»7 


.4HZ) , 


3 


.49 


(2H r 


triplet, J=5 


.9Hz) , 


3 


.90 


(3H, 


singlet) , 




4 


.75 


(2H, 


singlet) , 




7 


.19 


(1H, 


doublet of doublets, 


7 


.26 


(1H, 


singlet) , 




7 


.35 


(1H, 


doublet, J=2 


.4HZ) , 


8 


.31 


(1H, 


doublet, J=8 


.9Hz) . 
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EXAMPLE 54 

12-Hydrory-l ? 3 ■ 4 . 6 , 7 • hexahydropy rido f 4 . 3-c) pvr-M^. 
fl.2 . 3 -1ml carbazol-S-ogg h ydrochloride 
Compound Mfl r ) 

The starting material was 800 mg of 2 -benzyl -12 - 
benzy loxy - 1,2,3,4,6,7- hexahydropyrido [ 4 , 3 - c ] pyrido [1,2,3- 
lm]carbazol-8-one hydrochloride (compound 17c, as 
obtained in Example 47) , and 430 mg of the title 
compound was obtained in an 83% yield. Recrystallisation 
of the title compound from a 9 : 1 by volume mixture of 
methanol and water gave colourless needles. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethyl sulfoxide/D 2 0, 400 MHz) , i ppm: 

2.96 (2H, triplet, J=7.5Hz), 

3.19 (2H, triplet, J-6.0HZ), 

3.21 (2H, triplet, J=7.SHz), 

3.52 (2H, triplet, J=6.0Hz), 

4.69 (2H, singlet) , 

7.00 (1H, doublet of doublets, J=8.8 and 1.9Hz), 

7.21 (1H, doublet, J»i.9Hz), 

7.24 (1H, singlet), 

8.16 (1H, doublet, J=8.8Hz). 



EXAMPLE 55 

12 -Methoxv- 1.2.3.4.6. 7- hexahydropyrido [ 3 . 4 - cl pyrido- 
f I ■ 2 ■ 3 -m cacbazol - a- one hydro chloride 
Compound f21b> 

The starting material was 932 mg of 3 -benzyl -12- 
me thoxy -1,2,3,4,6,7- hexahydropyrido 1 3 , 4 - c ] pyrido - 
[l,2,3-lm] carbazol-8-one hydrochloride (compound 20b, as 
obtained in Example 48) , and 610 mg of the title 
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compound was obtained in an 83% yield, Recrystallisation 
of the title compound from a 9 : 1 by volume mixture of 
methanol and water gave colourless needles. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethylsulfoxide/D.O, 400 MHz) , 6 ppm: 
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<2H, 


triplet, 


J=7 


•4Hz) , 
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.22 


(2H, 


triplet, 


J=7 


.4Hz) , 
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.47 


(2H, 


triplet* 
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.4Hz) , 
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(2H, 


triplet, 
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•4HZ) , 
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.90 


(3H, 


singlet) , 
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.40 


(2H, 


singlet) , 
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.20 


(1H, 


doublet, 


J=8 


.9Hz) , 
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.22 


(1H, 


singlet) , 






7 


.52 


(1H, 


doublet, 


J-l 


•8Hz) , 


a 


.32 


(1H, 


doublet, 


J=8 


.9Hz) . 



EXAMPLE |5g 

12 - Hydroxy - 1,2,3,4,6,7 - frexfthydropyriciQ [ 3 , 4 - c 1 pyyido - 
r 1 a 2 t 3 - 1ml carbazol - 8 - one hydrochloride 
Compound (21c) 

The starting material was 940 mg of 3 -benzyl -12- 
benzyloxy- 1,2,3,4,6 , 7- hexahydropyrido [ 3 , 4 - c) pyrido (1,2,3- 
1m) - carbazol -8 -one hydrochloride (compound 20c, as 
obtained in Example 49), and 340 mg of the title 
compound was obtained in a 56% yield. Recrystallisation 
of the title compound from a 9 : 1 by volume mixture of 
methanol and water gave colourless needles. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethylsulf oxide/D 2 0, 400 MHz) , 6 ppm: 

2.99 (2H, triplet, J=7.5Hz), 

3.23 (2H, triplet, J=7.5Hz), 

3.46 (2H, triplet, J=*6.2Hz), 
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3.57 (2H, triplet, J-=6.2Hz), 

4.40 (2H, singlet), 

7.05 (1H, doublet of doublets, J-8.8 and 2.2Hz), 

7.20 (1H, singlet) , 

7.44 (1H, doublet, J=2.2Hz), 

8.24 (1H, doublet, J«8.8Hz). 



f EXAMPLE 571 



PREPARATION OF 
1 - ( 3 - AMINOPROPYL) - 4 . 5 -DIHYDROPYR IDO f 1 , 2 . 3 - 1ml - 
CARBAgQL-g-QNPS 



EXAMPLE $9 

1- (3>Bgnzy3.^ninoprppyl) -4 , $ -flihyrilrgpyrido [1 , 2 , 3 - In] - 
carbazol-6-one hydrochloride 
CprppQupfl (22) 

A suspension of 1.21 g of 1- (4-pentynoyl) -3 - 
( 1 - benzyl -1,2,5,6- te t rahydropyridin- 3 - yl ) indole 
hydrochloride (compound 16a, as obtained in Example 26) 
in 180 ml of diphenyl ether was heated to 240°C under an 
atmosphere of argon with no gas flow. After 1 hour at 
this temperature, the reaction mixture was cooled to 
room temperature, diluted with 300 ml of diethyl ether 
and acidified with hydrogen chloride in diethyl ether. 
The resulting light green precipitate was collected by 
filtration, washed with diethyl ether, and dried by 
evaporation under reduced pressure to give 1.14g of the 
title compound in a yield of 94%. 
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Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethylsulfoxide/D 2 0, 90 MHz) , 6 ppm: 

1.90-2.30 (2H, multiplet), 

2.90-3.40 (6H, multiplet), 

3.80 (2H, broad singlet), 

4.11 (2H, triplet, J=7Hz) , 

6.9-7.7 {11H, multiplet), 

8.14 (1H, doublet, J=9Hz) , 

8.43 (1H, doublet, J=9Hz) , 

9.51 (2H, broad singlet), 

1- (3-Aminopropvl) -4 . 5-dihvdropyrido Tl , 2 1 3- lml - 
carfri?(?l-$-one 
CpmpQynd (23) 

A suspension of 0.70 g of 1- (3-benzylaminopiropyl) - 
4,5- dihydropyrido (1,2,3- lm] carbazol - 6 - one hydrochloride 
(compound 22, as obtained in Example 58) and 0.59 g of 
5% w/w palladium- on- charcoal in 150 ml of methanol was 
stirred under an atmosphere of hydrogen at 40°C for 1 
hour. After this time, the mixture was filtered to 
remove the catalyst and the filtrate was taken to 
dryness by evaporation in vacuo . The resulting residue 
was partitioned in ethyl acetate and aqueous sodium 
hydrogencarbonate. The organic layer was washed with 
brine, and concentrated in v^cuo . The title compound 
was obtained as 0.32 g of an amorphous powder in a yield 
of 66%. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethylsulf oxide/D 2 0, 400 MHz) , h ppm: 

1.83 (2H, multiplet) , 

2.71 (2H, triplet, J=7.4Hz), 

2.99 (2H, triplet, J=7.4Hz), 
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3.11 (2H, triplet. J=7.4H2), 
3.21 (2H, triplet, J*7.4Hz), 
7. IS (1H, doublet, J=7.5Hz), 
7.28 (1H, doublet, J»7.5Hz), 
7.49 (1H, triplet, J=8Hz) , 
7.57 (1H, triplet, J=8Hz) , 

8.12 <1H, doublet, J=8Hz) . 
8.44 (1H, doublet, J=8Hz) . 



PREPARATION OF PYRIDOU.3.C or 3 4 - e 1 P YR TDO f 1 . 2 . 3 • 1 m 1 - 

CARBA20I.-a.nMP<8 



EXAMPLE 60 

Pyridp f 4 . 3 ; cl PVridQ f 1 . 2 . 3 - 1ml ear bazol - 8 - one 

Compound (24) 

A suspension of 0;8 g of 2-benzyl-l,2,3,4,4a.5,5a, - 
6,7,i3c- decahydropyrido ( 4 , 3 - c] pyrido (1 , 2 , 3 , lm] carbazol - 8 - 
one (compound 4a, as obtained in Example 36) and 0.8 g 
of 10% w/w palladium- on- carbon in 80 ml of diphenyl 
ether was heated to 230°C under a slow stream of argon 
gas for 24 hours. The reaction mixture was then cooled 
to room temperature, filtered and the filtrate taken to 
dryness in vacuo. The resulting- residue was stirred in 
small quantities of methanol. The product was collected 
by filtration, washed with cold methanol and dried in 
Yflcuo to afford 0.62g of the title compound in a yield 
of 90%. 

Nuclear Magnetic Resonance Spectrum (tetradeuteraced 
methanol, 400 MHz), b ppm: 

6.95 (1H, doublet, J=9.6Hz), 

7.S4-7.74 (2H, multiplet) , 
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8.08 (1H, doublet. J=5.8), 

8,13 <1H, doublet, J=9.6), 

8.31 (1H, singlet), 

8.58 (1H, singlet), 

8.58 (1H, ntultiplet) , 

8.62 (1H, doublet, J-5.8), 

8.80 (1H, multiplet), 
10.14 (1H, singlet) . 



EXAMPLE 61 

Pvrido f 3 . 4 : c 1 pvrido f 1 , 2 . 3 - 1ml carbazol ; 8 - onq 

Compound (25) 

3.03 g of 1- (4-pentenoyl) -3- (1-benzyl-l, 2 , 5, 6- 
tetrahydropyridin- 4 -yl) indole hydrochloride (compound 
7a, as obtained in Example 22) was heated in 300 ml of 
diphenylether to 240 °C under a slow stream of argon and 
maintained at this temperature for 2 hours. After this 
time, the reaction mixture was cooled to room 
temperature and 1.0 g of 10% w/w palladiu-on-carbon was 
added. The resulting mixture was heated to 240°C for 18 
hours and then cooled to about 100°C and filtered to 
remove catalyst. The filtrate was cooled to room 
temperature and the resulting white precipitate was 
collected by filtration, washed with diethyl ether, and 
dried is vacuo at 90°C for 3 hours to afford 1.39g of 
the title compound in a yield of 69%. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethylsulf oxide, 400 MHz) , h ppm: 

6.94 (1H, doublet, J=9.5Hz), 

7.66-7.75 (2H, multiplet), 

8.37 (1H, doublet, J=9.5Hz), 

8.71-8.80 (5H, multiplet), 

9.63 (1H, singlet) . 
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EXAMPLE fit) 

3 - Bepzylpyrtdo f 3 , 4 - el Dvrido f i , 2 , 3 . 1 ml ra r bazol - 8 - onp 

Compound [2£] 

A suspension of 0.34 g of pyrido[3,4-c]pyrido- 
U, 2, 3 -lm] carbazol- 8 -one (compound 25, as obtained in 
Example 61) and 1.5 ml of benzyl bromide in 34 ml of 
acetonitrile was stirred at 70 °C for 2 hours. The 
resulting yellow precipitate was collected by 
filtration, washed with small amounts of acetonitrile, 
and dried in, vacuo at 60°C for 3 hours to afford 0.48 g 
of the title compound in a yield of 87%. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated 
dimethylsulf oxide, 400 MHz) , b ppm: 

6.09 (2H, singlet) , 

7.02 (1H, doublet, J=9.7Hz), 

7.45-7.73 (7H, multiplet) , 

8.44 (1H, doublet, J=9.7Hz), 

8.59 (1H, doublet, J=8.0Hz), 

8.75 (1H, doublet, J«7.8Hz), 

8.99 (1H, singlet) , 

9.02 (1H, doublet, J=7.0Hz), 

9.27 (1H, doublet. J=7.0Hz), 

10.50 (1H, singlet) . 



EXAMPLE 63 

6 , 7 -DihydroPVrido f 3 . 4 - el nvrirt n fl , 2 . 3 - 1ml carbazol • 8 • one 

Compound (27) 

A suspension of 0.48 g of 3 -benzylpyrido {3 , 4 -c) - 
pyrido [1, 2 , 3-lm] carbazol- 8 -one bromide (compound 26, as 
obtained in Example 62) and 0.41 g of 5% w/w 
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palladium- on- carbon in 240 ml of methanol was scirred 
under an atmosphere of hydrogen at 45 °C for 5 hours. 
The catalyst was removed by filtration and the filtrate 
taken to dryness iQ vacuo . The residue was 
chromatographed on silica gel using, as eluent, a 95 : 5 
by volume mixture of ethylacetate and methanol to give 
0.12 g of the product as a white powder in a yield of 
41%. 

Nuclear Magnetic Resonance Spectrum (CDC* 3 , 90 MHz), 
6 ppm: 

3.03-3.19 (2H, multiplet) , 
3.37-3.54 (2H, multiplet), 
7.43-7.66 (2H, multiplet), 
7.78 (1H, singlet), 
8.28-8.39 (2H, multiplet), 
8.58-8.71 (2H, multiplet), 
9 .29 (1H, singlet) . 



PREPARATION OF QUATERNARY STRYCHNINE DERIVATIVES 

General Method A 

In order to obtain the desired quaternary 
derivatives of strychnine, this method involves the 
addition of a solution of 1.5 equivalents of the halide 
of the desired quaternary grouping in chloroform to a 
solution of 1 equivalent of strychnine, also in 
chloroform. The reaction mixture is then stirred at 
room temperature or at an elevated temperature until 
precipitation occurs. The product is then filtered off, 
washed with chloroform and evaporated to dryness in 
vacuo . The products are obtained in substantially 
quantitative yields. 
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Following the above procedure, the following 
quaternary strychnine derivatives were prepared, and 
these were characterised by their High Performance 
Liquid Chromatography (HPLC) retention times (r.t.), 
using the the following HPLC conditions: 

HPLC column: 4 mm (ID) x 250 mm Lichrosorb 
(trademark) RP-select B (5 *im) . 

Solvent system - a gradient run from 25% v/v 
methanol/water to 75% methanol /water over 17.5 minutes 
and then to 100% ethanol over the next 7.5 minutes; 

Flow rate; 1 ml/min; 

UV Detector; 254 nm. 



EXAMPLE 
No. 



COMPOUND 
NAME 



RETENTION 
TIME (mins) 



64 Strychnine 9.47 

65 N-Methyl strychnine iodide 9.41 

66 N- Ethyl strychnine bromide 10.13 

67 N- Propyl strychnine bromide 11.53 

68 N-Allyl strychnine iodide 10.29 

69 N-Propargyl strychnine bromide 9.49 

70 N-Cyanomethyl strychnine bromide 8.85 

71 N-Benzyl strychnine bromide 13.83 

72 N-Phenylethyl strychnine bromide 16.06 

73 N-3-Nitrobenzyl strychnine bromide 13.83 

74 N-4-Nitrobenzyl strychnine bromide 13.87 

75 N-3-Propylphthalimido strychnine 

bromide 13.85 

76 N-4-Azidophenacvl strychnine bromide 16.09 

77 N-Phenacyl strychnine bromide 14.42 



General Method B 



This second general method for the preparation of 
quaternary derivatives of strychnine involves the 
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addition of 1.5 equivalents of solid sodium iodide and a 
solution of 1.5 equivalents of the halide of the desired 
quaternary grouping in methanol to a solution of 1 
equivalent of strychnine, also in methanol. The 
reaction mixture is then stirred at room temperature 
until precipitation occurs. The product is collected by 
filtration, washed with small amounts of methanol and 
dried by evaporation in vacuo . The products are 
obtained in a greater than 80% yield. The products were 
characterised by HPLC under the same conditions as for 
Examples 64 to 77 above. 



EXAMPLE COMPOUND RETENTION 

No. NAME TIME (mins) 

78 N-Cyclohexylmethylstrychnine iodide 14.69 

79 N-2-naphthylmethylstrychnine iodide 17.85 

80 N-4-biphenylmethylstrychnine iodide 19.3 8 



• EXAMPLE 81 

N-2-Carboxvethvl strychnine 

A solution of 0.32 g (0.0044 mol) of beta-propio- 
lactone in 30 ml of dimethylformamide was added dropwise 
with stirring to a solution of 1.0 g (0.003 mol) of 
strychnine in 30 ml of dimethylformamide. The reaction 
mixture was stirred at room temperature for one hour and 
the product was filtered off, washed with dimethyl- 
formamide and dried at 60°C at a pressure of 0.1 mmHg. 
The resulting compound had a retention time of 8.17 
minutes, when characterised by HPLC under the same 
conditions as for Examples 64 to 77 above. 
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EXAMPLE 9? 
N-3-Sulphonvlpropyl strychnine 

A solution of 0.55 g (0.0045 mol) of 1,3 -propane 
sulfone in 30 ml of dimethyl fonnamide was added dropwise 
with stirring to a solution of 1 g (0.003 mol) of 
strychnine in 30 ml of dimethyl fonnamide . The reaction 
mixture wa9 stirred at room temperature for one hour and 
the product was filtered off, washed with 
dimethyl formamide and dried at 60 °C at a pressure of 
O.lmmHg. The resulting compound had a retention time of 
6.92 minutes, when characterised by HPLC under the same 
conditions as for Examples 64 to 77 above. 



PREPARATI ON OF QUATERNARY BRUCINE DERIVATIVES: 
General Method A 

A similar method is followed as that described for 
the preparation of quaternary strychnine derivatives 
under Method A, except that a solution of brucine in 
chloroform is used. The products are usually obtained 
in greater than 80% yields. Following this procedure, 
the compounds of the following Examples were obtained 
and characterised by HPLC under the same conditions as 
for Examples 64 to 77 above. 

EXAMPLE COMPOUND RETENTION 

No. NAME TIME (mins) 

83 Brucine 10.13 

84 N-Methyl brucine iodide 10.95 

85 N-Chloromethyl brucine chloride 10.05 

86 N-Allyl brucine iodide 10.41 
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87 N-Benzyl brucine iodide 13.17 

88 N-4-Azidophenacyl brucine bromide 15.98 

89 N-Phenacyl brucine bromide 14.07 

General MQpfrQfl B 

This second general method for the preparation of 
quaternary brucine derivatives requires the addition of 
0.33 g (0.0013 mol) of silver triflate and a solution of 
the respective halide in 5 ml of acetone to a solution 
of 0.5 g (0.0013 mol) of brucine in 10 ml of acetone. 
The reaction solution is stirred at 50°C for 4 hours. 
The product is then collected by filtration, washed with 
small amounts of methanol and dried by evaporation in 
vacuo . The products are obtained in about 20% yield. 

EXAMPLE 90 
N-2-Nitrobenzyl brucine triflate 

Following the above General Method B, the title 
compound was obtained, having a retention time of 14.93 
minutes, when characterised by HPLC under the same 
conditions as for Examples 64 to 77 above. 
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M&C FOLIO: 230P70859/FP-9414 WANGDOC: 1008D 

The compounds of the present invention may be 
assayed for allosteric activity at muscarinic receptors 
by a number of methods. Suitable such methods are 
described below, but it will be understood that other 
methods may be employed by those skilled in the art, and 
that none of the methods below, individually, is 
absolutely essential to the establishment of activity of 
the compounds of the invention. 

While we generally prefer to perform all of the 
assays described below for each individual compound, it 
will be understood that this may be unnecessary where, 
for example, the primary assay yields a result which is 
not compatible with the effect required. Carrying out 
the remainder of the assays is generally desirable to 
confirm the results of the primary assay, and to provide 
a more detailed interpretation of the results obtained 
in the primary assay. 

We prefer to carry out the primary assay first, as 
it is generally the most accurate, but this is by no 
means essential, and it may be preferable, depending on 
the circumstances, to carry out the functional (GT£> 
assay) first, for example. 

It will be understood that the present invention 
also envisages any and all of the accompanying assays, 
as described below, as well as any compounds, and the 
use of any compounds, which exhibit an allosteric effect 
by any one or more of such assays. 

In the following assays, it is necessary, or at 
least desirable, to use a cell line which expresses only 
one type of human muscarinic receptor, such as ml, and 
which does not exhibit a high level of 
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acetylcholinesterase activity. 

A suitable cell line is CHO (Chinese Hamster Ovary) , 
which are readily engineered to express only one 
receptor sub- type. 

Preparation of CHO cell membranes 

To obtain the large amount of cell membranes 

2 

required, plates of 530 cm culture area were used. 
CHO cells which express human ml, m2 f m3 and m4 
receptors were grown separately in MEM alpha medium 
containing 10% newborn calf serum and antibiotics. When 
cells reached confluence, they were washed twice with 10 
ml of 20 mM HEPES containing 10 mM EDTA (pH 7.4) , 
scraped into the same buffer and homogenized using a 
Polytron (trademark) homogenizer (setting 5-6 for 5 sec 
x 2) . Membrane pellets were obtained by centrifugation 
(40000xg, 10 min, 4°C) and resuspended in 20 mM HEPES - 
0.1 mM EDTA (pH 7.4). Centrifugation and resuspension 
were repeated twice to wash the cell membranes. After 
measurement of membrane protein, the membranes (1 or. 
2 mg protein/ml) were stored at -70°C. 

Protein Assay 

Membrane protein was measured with Bio-Rad protein 
reagent using BSA (bovine serum alumin) as standard. 

Assessmen t of cholinesterase activity 

Cholinesterase activity in native CHO cell membranes 
was measured by the method of Ellman et ai. [Biochem. 
Pharmac, 7, 88 (1961)] with slight modifications. 
Briefly, membranes were added to the solution which 
contained acetyl thiocholine (0,6 mM) and DTNB (0.5 mM) 
in 20 mM HEPES - 1 mM MgCl. (pH 7.4), and absorbance 



181 

at 412 nm was measured up to 10 min. The mean rate of 
change of absorbance, the index of cholinesterase 
activity, was calculated. 

If CHO cell membranes had cholinesterase activity, 
it would be difficult to detect 3 H-ACh binding and it 
would be necessary to block the cholinesterase activity 
with an inhibitor (e.g. neostigmine). Therefore, 
cholinesterase activity in native CHO cell membranes was 
assessed before examining acetylcholine (ACh) binding. 

The rate of change of absorbance at 412 nm was the 
same with or without native CHO cell membrane (basal 
0.0022/0.0010, 50 ng protein/ml 0.0030/0.0004; 
100 ^g/ml 0.0022/0.0010). Thus, there was no 
detectable cholinesterase activity in native CHO cell 
membranes. When rat heart membranes were used, 
cholinesterase activity was readily measured (> 10 
times basal level at 20 jig protein/ml). Furthermore, 
the inhibitory effect of ACh on 3 H-0xoM binding to m2 
membranes was not enhanced by 2.5 tiM neostigmine. 

Functional Assay (GTP) 

In general, the final test of positive allosterism 
with ACh is the functional assay. We use measures of 
G-protein activation in membrane preparations - the 
GTPase assay using 32 P-GTP, and the 35 S-GTP Y S 
binding assay. Both assays provide a true measure of of 
function, but the latter assay is generally easier to 
use and more accurate. The rate of 35 S-GTP Y S 
binding reflects the ability of the agonist to reduce 
GDP affinity for the G-protein, which is how agonists at 
G-protein- coupled receptors work. A positive effect in 
at least one of these assays confirms positive 
allosterism with ACh. 
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The assay buffer used was 20 mM HEPES ♦ 100 mM NaCl 
♦ 5 (GTPase) or 10 (GTPyS binding) mMMgCl 2 , 
Buffers were pH7.4. 

For the GTPase assay, 5 ug protein was incubaced 
in buffer + 1 mM ATP ♦ Iy 32 P]GTP (10-100 nM or as 
indicated) + drugs in a volume of 100 *il at 30°C for 
15 minutes. The reaction was stopped by addition of 
750 k1 of a slurry of 5% charcoal in 20 mM H 2 P0 3 ♦ 
1 mg/ml BSA. After centrifugation (20,000xg, 5 mins) an 
aliquot of the supernatant, containing released labelled 
phosphate, was counted for radioactivity. 

For the GTPyS assay, 15 - 50 ^g membrane protein 
was incubated in buffer + GDP + (0.1 ^M for ml and m3 
receptors, 1 MM for m2 and m4 receptors, or as 
indicated) ♦ [ 35 S]GTP Y S (50-100 pM) ♦ drugs in a 
volume of 1 ml at 30°C for 30 minutes. Bound label was 
collected by rapid filtration using a Brandel 
(trademark) cell harvester and counted for activity. 

Figure 0 shows an example of a positive allosteric 
agent (chloromethyl brucine) stimulating the potency of 
ACh in the 35 S-GTP Y S binding assay using membranes 
containing m3 receptors. 

Equilibrium Radioligand Binding Aggflyg 

The binding of ACh can be measured in two ways: 
directly, using 3 H-ACh, and indirectly using the 
inhibition by cold ACh of 3 H-NMS binding. Such 
studies give different results, but they can be 
reconciled, as we have established that there are at 
least two components of agonist binding - a high and a 
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low affinity component. 3 H-ACh will bind only to the 
high affinity component, and the size of this component 
depends on the guanine nucleotides and divalent cations 
in the assay. An increase in the apparent affinity of 
ACh for either or both components may produce the 
necessary functional increase in effectiveness. 

Primary Screen 

There are two parts to the screen, and either may be 
used, or both together, although the second part is 
generally restricted in usefulness to m2 and m4 
receptors. The first part of the screen measures the 
effect of unknown agent on 3 H-NMS binding in the 
absence and presence of cold ACh (GTP is present to 
prevent high affinity agonist binding) . 

The second part of the primary screen involves 
binding of 3 H-ACh to m2 and m4 receptors ( 3 H-ACh 
does not bind well to ml or m3 receptors) . 

Procedure 

Membranes are incubated in 1.12 ml ( 3 H-NMS) or 
0.25 ml ( 3 H-ACh) of buffer containing 20mM HEPES + 
100 mM NaCl + 10 mM MgC12 (+0,2 mM GTP in 3 H-NMS 
assays), pH 7.4, at 30°C for two hours. The 
concentration of membranes is chosen to allow detectable 
binding of 3 H-ACh and 3 H-NMS while minimising 
depletion of free 3 H-NMS (up to about 15% depletion is 
acceptable) - about 100 protein/tube for m2, about 
400 h9 protein/tube for m4 membranes are used in the 
3 H-ACh assay, 5 of ml membranes and 8 ng/ml 

of m3, 30 ^g/ml of m2 membranes and 50 ^g/ml of m4 
membranes are used in the 3 H-NMS assays. The bound 
radioligand is collected by filtration through Whatman 
GF/B glass- fibre filters soaked in 0.1% polyethylenimine 
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using a 30-place Brandel cell harvester, and the 
radioactivity measured with liquid scintillation 
counting. Nonspecific binding is measured in the 
presence of 1 QNB. 

pqpign and analypjLg 

The 3 H-ACh assay uses a concentration of about 
1 nM (m2) or 4 nM (n\4) and measures total binding, 
nonspecific binding and binding in the presence of three 
concentrations of each of four agents, all in duplicate 
(quadruplicate for total binding) . 

The 3 H-NMS assay contains 0.1 mM GTP and uses 

3 H-NMS concentrations of about 4 and 0.5 nM (0.4 nM 

with m2) . Fixed ACh concentrations are 2 <m2) , 

5 jiM (m4) or 20 tiM (ml and m3). Total and 

nonspecific binding are measured with 4 nM 3 H-NMS to 

allow an estimate of B M . Using 0.2 nM 3 H-NMS, 

max 

binding in the absence and presence of ACh is measured 
alone and in the presence of three concentrations of 
each of four agents, and nonspecific binding is measured 
with QNB alone. Each point is measured in duplicate 
(quadruplicate for 0.2 3 H-NMS alone). 

The data are analyzed as described below, and graphs 
produced, using the Minitab program. Where possible, 
IC 5Q values are estimated visually from the graphs. 

Calculations 

A plot is required, showing the relative affinity of 
the ligand ( 3 H-NMS or ACh) in the presence of various 
concentrations of the agent. 

Results from the main part of the primary screen are 
analysed by converting each data point into an apparent 
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affinity. We use 5 control points - total and 

non-specific binding with a high and a low concentration 

of 3 H-NMS and the low 3 H-NMS concentration with cold 

ACh {at around its IC SQ ) . 2-Point Scatchard analysis 

of specific binding with the high and low 3 H-NMS 

concentrations provides an estimate of B (total 

max 

receptor concentration) and H-NMS Kd. Binding is 
measured with 3 concentrations of test agent, both in 
the absence and presence of ACh. Given the Bmax already 
estimated, the amount of binding in the presence of 
agent alone is transformed to an estimate of 3 H-NMS Kd 
in the presence of agent. Binding in the presence of 
agent ♦ ACh is related to binding in the presence of 
agent alone to estimate the IC 5Q of ACh (approximating 
that ACh binds with a Hill slope of l) , and this is 
further transformed to an estimate of ACh Kd using the 
known concentration of 3 H-NMS, the estimated Kd of 
3 H-NMS in the presence of agent, and the Cheng- Prussof 
correction: 

(ACh_Kd*IC 50 / ( ( [ 3 H-NMS] / 3 H-NMS_Kd) +1) 
Finally, the affinity (1/Kd) estimates of both 
3 H-NMS and ACh are expressed as a fraction of the 
corresponding control Kd in the absence of agent. 

It can be shown that the concentration effect curve 
of an agent for this "relative affinity 0 measure 
corresponds to the agent's occupancy curve for the 
receptor and, if the agent is inhibitory, its IC 5Q 
corresponds to its Ki (1/af f inity) . 

In the second part of the primary screen, specific 
binding of 3 H-ACh is expressed (i.e. after subtraction 
of non-specific binding and in the absence of GTP) as a 
fraction of control specific binding. Generally effects 
on 3 H-ACh binding are similar to those on cold ACh 
affinity, and are interpreted in the same way, but 
sometimes an increase in cold (non- labelled) ACh 
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affinity is not paralleled by an increase in H-ACh 
binding. This pattern indicates that the increase in 
cold ACh affinity may be an artefact. The agents which 
are genuinely positive with ACh at m2 receptors or n\4 
receptors increase 3 H-ACh binding. Avery large 
increase in 3 H-ACh binding may be an artefact. 

Interpretation of Primary Screen Regyltg 

Examples of the types of result that can be expected 
are given below: 

a) The agent reduces the apparent affinity of 3 H-NMS 
and ACh equally, with almost complete inhibition over a 
concentration range of 2 log units. This pattern either 
indicates that the agent acts competitively, or with . 
high negative alios ter ism with both 3 H-NMS and ACh. 

The concentration of agent which reduces ligand affinity 
by 50% is the Kd of the agent for the free receptor. 

b) The agent reduces the apparent affinity of 3 H-NMS 
and ACh equally, but to a limited extent. This suggests 
that the agent might be acting allosterically with low 
negative allosterism. The concentration of agent which 
causes 50% of its own maximal effect approximates to the 
Kd of the agent for the free receptor. 

c) The agent inhibits the affinity of both ligands 
almost completely, but with different apparent potency 
with each ligand. This indicates that the agent is 
acting allosterically but with different degrees of 
negative allosterism with the two ligands. The 50% 
effective concentration of agent in the more potent 
curve approximates to the Kd of the agent for the free 
receptor. 

d) The agent increases the apparent affinity of 
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3 H-NMS. This indicates an allosteric action, and this 
interpretation can be confirmed using the 'off -rate' 
assay (below) . 

e) The agent causes a small increase in ACh affinity 
with little effect on 3 H-NMS. This may indicate 
allosterism, but other assays are needed to confirm the 
positive effect with ACh. 

f) The agent causes an increase in ACh affinity and a 
large decrease in 3 H-NMS affinity. This may indicate 
allosterism. If the agent has no effect in the off -rate 
assay then it is probably allosteric and positive with 
ACh. 

g) The agent has no effects. Either it is inactive, or 
allosteric but neutral. This is readily checked in an 
'off -rate' assay, and if the agent is allosteric then 
its affinity for the free receptor is the same as its 
affinity for the 3 H-NMS- occupied receptor. 

Secondary Binding Assay 

This assay provides an estimate of the affinity of 

an allosteric agent at the unoccupied receptor and its 

allosteric effect on the radioligand (usually 3 H-NMS) 

and a second unlabelled muscarinic drug (usually ACh) . 

The assay consists of four inhibition curves with the 

muscarinic drug, alone and in the presence of three 

concentrations of the allosteric agent, against a low 

concentration of radioligand. Binding of a high 

concentration of radioligand is also measured and used 

to estimate the B^ v (total receptor number) in the 

max 

membranes. The complete data set is fitted 
simultaneously with a non-linear curve- fitting programme 
(SigmaPlot) to the allosteric model. When the 
competitive agent is ACh or another agonist, the assay 
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contains 2 x 10" M GTP or GppNHp. 

This assay allows effects seen in the primary screen 
to be studied more rigorously and accurately, and 
provides quantitative estimates of the agent's affinity 
for the free receptor and maximal allosterism with both 
3 H-NMS and ACh (from which its affinity for the 
3 H-NMS- and ACh- occupied receptors can be 
calculated) . Again, the results must be compatible with 
primary and off- rate assays, A complication is that 
effective concentrations of agents which are 
allosterically neutral or positive with 3 H-NMS may 
produce kinetic artefacts, so data obtained with the 
highest concentration of agent may be misleading, and a 
data set which is not well fitted to the model should be 
reanalysed without the top concentration data. 

Non-equil ibrium ^H-NMS Binding Assay 

"Off -Rate" Assay 

The 'off -rate' assay measures the affinity of the 
test agent for the 3 H-NMS- occupied receptor. 

The method for the 'off -rate' assay generally 
involves making the test drugs up to their final 
concentration (usually four concentrations of three 
drugs) in 1 t*M QNB and 100 ^1 is distributed to 
tubes, except for some tubes which have no addition and 
some which receive QNB alone. A high concentration of 
3 H-NMS (about 5 nM total final concentration, though a 
large fraction of this is bound to receptors, resulting 
in very low non-specific binding) is added to a 10 -fold 
greater volume of concentrated membrane preparation and 
incubated for about 15 minutes. 10 \il of this 
preparation is added to the tubes (separate tubes are 
prepared with 10 ^1 membrane + 10 nM QNB, a potent 
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antagonist, followed by 1 ;il 3 H-NMS, to measure 
non-specific binding). About two half -lives later (ml 
20 min, m2 6 min, m3 and m4 25 min) the assay is 
terminated by filtration. The control dissociation 
constant (K Qff ) is estimated by 

tln(B 0 /B t ) J /time 
where B Q is control binding (without dissociation) and 
B t is the binding remaining after addition of QNB 
alone. The dissociation rates in the presence of each 
concentration of allosteric agent are estimated in the 
same way, and the % inhibition of dissociation is 
calculated. The % inhibition values are fitted with 
non- linear regression to a logistic model with a slope 
of 1, if appropriate, to yield a pEC 5Q (pKd at 
occupied site) and E max (maximal inhibition of 
dissociation rate). The usually, but not always, 

approaches 100%. 

The results of this assay should normally be 
compatible with those of the primary screen, but may 
alter the interpretation of the primary screen results. 
Typical examples are: 

a) The agent inhibits 3 H-NMS binding in the primary 
screen with an apparent pKd of 4.5, the highest 
concentration testable is 10 " 4 M, and the agent has no 
effect on 3 H-NMS dissociation. These results are 
compatible with both a competitive mode of action and 
negative allosteric mode of action - if the agent is 
allosteric then its potency at the 3 H-NMS occupied 
site may be too weak for even the highest testable 
concentration to have any effect. 

b) The agent inhibits 3 H-NMS binding with an apparent 
Kd of 10 ~ 5 M, and has a pKd of 5.5 in the off -rate 
assay. The agent is probably allosteric but neutral 
with 3 H-NMS, and the inhibition seen in the primary 
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screen is a kinetic artefact. 

c) The agent increases ACh affinity in the primary 
screen with little effect on 3 H-NMS, but it shows 
activity in the off -rate assay at slightly lower 
concentrations than those increasing ACh affinity. ' The 
agent probably is an allosteric enhancer of ACh affinity. 

Value and validation of 'off -rate' assay 

This assay has three main uses: 

1) It provides an estimate of the affinity of an 
allosteric agent for the 3 H-NMS occupied site, which 
may be useful in structure/activity considerations. 

2) It provides an estimate of the affinity of an 
allosteric agent for the unoccupied site if the agent is 
'neutral' or has only a small allosteric effect. 

3) It indicates the concentration range in which 
kinetic artefacts may occur i.e. inhibition of 3 H-NMS 
binding due to a failure of the reaction to reach 
equilibrium, rather than through allosteric or 
competitive inhibition (the time to reach equilibrium is 
directly related to the dissociation rate) . 

It is necessary to show that: 

1) 3 H-NMS dissociation alone and in the presence of 
an allosteric agent follows a mono- exponential time 
course, so that the rate constants can be measured from 
a single point, 

2) dissociation rate constants in the presence of 
various concentrations of allosteric agent fit a 
single-site model (logistic function with a slope of 1) , 
consistent with binding of the agent according to the 
Law of Mass Action, 

3) the parameters obtained with the assay are 
independent of the dissociation time at which binding is 
measured, and 
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4) the parameters are consistent with known results. 

Dissociation of 3 H-NMS was measured at ml-m4 sites 
at 1, 2 and 4 half lives, alone and in the presence of 
three concentrations of strychnine, an agent which we 
have established is an allosteric agent with small 
effects on equilibrium 3 H-NMS binding. 

Figure X shows the data plotted against time and well 
fitted to a monoexponential function, thus fulfilling 
the first criterion. 

Figure 2 shows the rate constants, measured from the 
fits shown in Figure 1, plotted against strychnine 
concentration and well fitted to a single-site model, 
thus fulfilling the second criterion. 

Figure 3 shows, for m4 data, how the dissociation data 
with different strychnine concentrations can be treated 
as dose- response data at different times. Scaling the 
data by plotting the inhibition of the counts (dpm) 
dissociated in the absence of agent causes the effect of 
strychnine to appear to be weaker when measured at 40 
minutes than at earlier times but, when the data are 
converted to off -rates, as described above, then the 
potency of strychnine is independent of time. 

This is illustrated in Figure 4, where pIC 50 
values, measured either from untransf ormed dpm data or 
from the rate- constant transformation, are plotted 
against time for ml-m4. pIC 5Q s measured from dpm data 
decrease with time, whereas pIC 5Q s measured from 
transformed data are essentially independent of time. 
This result fulfils the third criterion. 

Strychnine has positive or small negative allosteric 
effects, but in a secondary screen with m2 receptors a 
pK of 4.7 was estimated for strychnine at the free 
receptor, and 2- fold positive allosterism with 3 H-NMS, 
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which is entirely consistent with the pK of 5.1 at the 
occupied receptor estimated in the above experiment. 

Thus, this experiment provides firm validation for 
the single-point off-rate screening assay. 

The results of the above tests are presented below 
for various compounds of the present invention as Tables 
1, la, 2, 2a, 3 and 3a. Compound numbers correspond to 
those in the Tables of formulae above. Tables n X n 
relate to the primary screen, the off- rate screen and, 
where appropriate, the functional (GTP) assay. Tables 
"Xa" relate to the secondary screen. 

In the following Tables, the results are interpreted 
as follows: 

Primary screen 
a) 3 H-NMS binding 



++ large increase 

+ clear increase 

(+) small increase, may be noise 

0 inactive or neutral 

(-) small inhibition, drug is weak, non-specific 

effect, or noise 



clear inhibition, may be allosteric 
strong inhibition up to 100%, competition or 
large negative cooperativity 
{--) strong inhibition, could be kinetic artefact 

b) Unlabelled ACh 

huge increase in apparent affinity, probably 
artefact 

++ large increase in apparent affinity 

♦ clear increase 

(+) small increase, could be noise 

0 inactive or neutral 

(-) small inhibition, agent is weak, or noise 

inhibition, could be allosteric 
large inhibition, competitive or strong 
negative cooperativity 
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c) 3H-ACh 

Huge effect, probably artefact 
Large positive effect 
+ Clear positive effect 

(+) small positive effect, could be noise or 

positive allosterism 
0 Inactive or neutral 

(-) Small negative effect, could be noise, lack of 

potency or small negative allosterism 
Clear inhibition 

Large negative effect, up to 100% inhibition, 
'Off-rats' screen 

0 no effect 

small inhibition at highest concentration, 

maybe non-specific 
(pK) partial inhibition, pK may be inaccurate 
pK strong inhibition, reliable pK 

(pk)* maximal inhibition <80% 



Secondar y screen 
0 no effect. 

If there is a quantifiable effect, three values are 
given: 

PK the -log Kd of the agent for the free receptor, 

*NMS the maximal allosterism (fold change in 

affinity) with 3H-NMS . 
a ACh maximal allosterism with ACh 

Small values of a, e.g. <0.01, which are not 
distinguishable from 0 are given as 0. 

Any value with poor statistical precision, either 
because the effect is small or the fit is poor, is 
enclosed in brackets (). 



Fusion*! GTPase or 25 s-GTPvS binding assay 

Qualitative result: 

large increase in ACh potency 
+ clear increase in ACh potency 

0 no effect 

clear decrease in ACh potency 
large decrease in ACh potency 
( ) imprecise/small effect 
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Quantitative result: 

pK - log apparent Kd for free receptor 

maximal allosterism with ACh: small values, 
e.g. <0.01 # which are not distinguishable 
from 0 are given as 0. 
() imprecise/small effect 



5MB 

SMB (sodium metabisulphite) abolished a 

positive effect on ACh 
(-) SMB reduced a positive effect on ACh 

0 SMB had no effect 

(♦) SMB may have revealed a positive effect on ACh 
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TABLE NO 1 



Comoound 












no . 


Receptor 3 H-NMS 




Of r - rate 


GTP 


001 


ml 


0 




4.9 






m2 


++ 




5.2 






m3 


0 




4 .3 






m4 


♦ 




5 . 1 




002 


ml 


m 




4.2 


(-) 




m2 


_ 




4.6 






m3 


- 




3 .9 






m4 






4.3 




003 


ml 


_ 


9 


(3.5) 


(-) 




m2 




- 


(3.7) 






m3 


- 




(3.3) 






m4 


(-) 




(3.6) 




004 


ml 


m 






(-) 




ru2 


m 










m3 


(0) 


/At 

(0) 








m4 


0 


0 






005 


ml 








(-) 




m2 












m3 


- 










m4 










006 


ml 








(-) 




m2 












m3 


(- 


- ) 








m4 










007 


ml 


- • 


_ 


4.0 






m2 


_ _ 




4.7 


- 




m3 


- 




3 . 8 






m4 




* 


4 . 2 




008 


ml 








(-) 




m2 


(-) 










m3 


(-) 


\ ) 








m4 












ml 






/a n\ 
\ • u ) 






m2 






4.9 






m3 


n o 


data 


(3.5) 






m4 






4.3 




010 


ml 








(•) 




m2 












m3 


(-) 


(0) 








m4 


(-) 


(-) 
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TABLE NO. 1 contd. 



Compound 








ACh ^H-ACh 




no. 


Receptor 3 H-NMS 




Off- rate GT? 


Oil 


ml 

lux 








4.4 




m2 








6.5 




m3 


(-) 




(-) 


3.5 




m4 


0 




- 


4 - 7 


012 


ml 


n 0 


d 


a t a 






m2 












m3 


n 0 


d 


a t a 






m4 


n 0 


d 


a t a 




013 


ml 


n 






4.4 




Ulx 


4, 




- 


5.0 




m3 


*■ 




- 


4.1 




m4 


+ 




- 


4.7 


014 


ml 

LUX 








4.6 




iiiA 






- 


5.2 




m3 


(-) 




- 


4.4 




m4 


{+) 






5.0 


015 


mi 








4.8 




IU 


+ 




- 


5.4 




m3 






- 


4.4 




m4 


- 




— 


4.9 


016 


ml 
























m3 


0 




- 






IU4 


- 




- 




017 


ml 








4.7 




m? " 


V 




- 


5.3 




m3 






• 


4 . 5 




m4 


0 




• • 


5.0 


018 


ml 
lux 


n 

V 






4.5 




UL£> 


▼ T 1 




- 


5.0 




ml 






• 


4 . 1 




m4 






- 


4 . 7 


019 


ml 


0 






4.7 




m2 


+ + 






5.4 




m3 


+ 






4.2 




m4 


(0) 




(-) (-) 


4.7 


020 


ml 


0 






5.3 




m2 


+ + 






6.3 




m3 


0 






5.4 




m4 


(0) 






5.7 
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TABLE NO 1 coned. 



Compound 












no. 


Receptor 3 H-NMS 


ACh ^H-ACh 


Off -race 


37? 5M3 


\J2 1 


mi 


- 


• 


4.8 






ii \a 




• 


5.7 






in j 


n 

w 




4 . 5 






mil 


n 

w 


• 


5.5 




022 


ml 




• 


5.0 


?iow neg 












coop with ACh 
















- 


4.8 






m4 


0 


• 


5.5 




023 


ml 






5.1 


- 










5 . 5 










- 


4.5 






Itl4 


0 


- 


5.3 




024 


ml 

tux ■ 




* 




(- > 




m5 














- 








m4 


0 


- 






f\ ~s r- 

025 


ml 




* 


5.2 












5 . 8 






m3 


(0) 


- 


5.7 






m4 


♦ 


<-) (*) 


6.3 




n ^ f 

026 


ml 


u 




• 


(0) 




















0 


- 






m4 




(0) (0) 


• 




r\ *> *^ 

027 


ml 












m2 












m3 






- 






m4 












ml 




(•) 


4.0 






m2 




0 (-) 


4.3 






m3 




(-) 


4.0 






m4 




0 0 


4.2 




029 


ml 


0 




4.6 






m2 






5.3 






m3 


0 




4.3 






m4 






4.8 




033 


ml 






4.6 


Poter.ciacicn 












found in 7ex?ts 




m2 






4.6 




m3 


( - ) 


(0) 


3.5 






m4 


0 


0 0 


4.7 
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TABLE NO. 1 contd. 



Compound 






ACh 3 H-ACh 






no . 


Receptor 3 H-NMS 


Of f - race 


GTP 


034 


mi 


- 




4.0 






m2 


♦ 


- 


4.6 






m3 


( - ) 


(♦) 


3 . 6 






m4 


0 


* 


4,5 




035 


ml 


- 


0 


4.2 






m2 






4.7 


- 




m3 


o 




3 . 6 






m4 


+ 


(♦) (♦) ( 


- ) 4.5 




036 


ml 


(0) 


(♦) 




--/ 




m2 












m3 


0 










m4 


0 


0 ( - ) 






037 


ml 


(*> 


(0) 


3.4 


/o 




m2 


♦ 




3.5 


(-) 




m3 


+ 


+ 


3 . 4 






m4 


+ 


+ + 


3.7 


«■/♦ 


038 


ml 


(-) 


(-) 




/o 




m2 




0 (-) 








m3 


(0) 


+ 








m4 


0 


- 






039 


ml 


- 






m m 




m2 












m3 








1 \ • 




m4 










040 


ml 


- 










m2 




- 








m3 












m4 


- 








055 


ml 












m2 




- 








m3 


0 










m4 










056 


ml 


(0) 










m2 


0 










m3 












m4 


(•) 








057 


ml 












m2 


0 










m3 












m3 


0 
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TABLE NO. 1 contd. 
Compound 

no. Receptor 3H-NMS ACh 3H-ACh Off -race GTP SMB 



058 


ml 


(0) 


• 






TVu. 


t ft \ 

(0) 








m3 


(-) 


(-) 






m4 


(0) 


- 


- 




ml 










m2 




- 


• 




m3 


- 


- 






m4 


- 


- 




ft C ft 


ml 










m2 






- ^\ 




m3 


- 


- 






m4 


0 


- 


1 


Ub 1 










062 


NO 


DATA 






rt ^ ^ 

063 










064 


ml 


- 


- 






m2 




0 


- 




m3 


0 


0 






m4 




+ 


I - I 


065 


ml 


- 


0 






m2 


+ 


- 


- 




m3 


o 


0 






m4 


+ 


(+) 




076 


NO 


DATA 






188 


ml 






5.2 




m2 






5.8 




m3 






5.2 




m4 






5.5 


214 


ml 


0 


(-) 


3.8 




m2 


+ 




4.2 




m3 




(-) 


3.8 




m4 






4.2 
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TABLE NO. la 

Compound SECONDARY ASSAY 

no. Receptor pK iNMS aACh 

033 ml (3.7) 0.5 1.9 

m2 
m3 
m4 

035 ml (3.2) (0.5) 0.7 

m2 4.6 1.3 0.2 

m3 3.4 0.3 4.9 

m4 

038 ml 
m2 

m3 2.9 0.14 3.8 

m4 

♦SMB 

039 ml 5.1 0.6 1.1 
m2 

m3 
m4 

040 ml 
m2 

m3 3.8 0.04 2.4 

m4 

064 ml 
m2 



m3 

m4 +ve 



065 ml 
m2 



m3 

m4 5.0 1.5±0.2 1.9+0. 
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TABLE NO. 2 



Compound 

no. Receptor 3 H-NMS ACh 3 H-ACh Off -race GTP SMB 

099 ml 

m2 .... 
m3 

m4 (-) 



100 


ml 


♦+ 


0 




4.8 




m2 


++ 


0 


0 


4.4 




m3 


+ 


0 




4 . 1 




m4 




0 


0 


4.6 



101 ml 3.9 

m2 3.6 

m3 - - - - 3.7 

m4 4.0 



102 


ml 








m2 


{-) 






m3 








m4 


(-) 




103 


ml 


0 






m2 


+ 






m3 


(0) 


0 




m4 


++ 





104. 


ml 


0 








m2 


-»•+ 


0 


0 




m3 


♦+ 


(0) 






m4 


M 


(-) 




105 


ml 


<-) 








m2 






(-) 




m3 


(-) 


(-) 






m4 









106 


ml 


(♦) 


(-) 








m2 




(-) 


(-) 






m3 




+ 




( - ) GTPase 
(=)GTP Y S 




m4 




0 


(-) 





107 



ml 
m2 
m3 
m4 



0 

(-) 
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TABLE NO. 2 contd. 



Compound 












no • 


Receptor 


3 H-NMS 




3 u . a ph 


Off - rat & 


113 


ml 












m2 






- 






m3 




0 








m4 




0 






114 ' 


ml 
tux 












m2 












m3 












m4 






• • 




115 


ml 


m m 










m2 


m m 




— m 






m3 












m4 






m " 




116 


ml 


m 










m2 


0 




0 






m3 


(-) 










m4 


(-) 




(-) 




118 


ml 












m2 


- 










m3 


• * 










m4 










119 


ml 




m m 








m2 




- 


- 






m3 




• 








m4 










120 


ml 


m m 


_ 








m2 






- 






m3 


(--) 










m4 


♦ ♦ 








121 


ml 








4.6 




m2 






_ 


4.1 




m3 








4.1 




m4 








4.4 


122 


ml 












m2 












m3 












m4 


<-) 








123 


ml 


(*> 


0 




(4.6)* 




m2 


0 


0 


0 


(4.2) • 




m3 


0 


(-) 




(3.9) 




m4 


* 


0 




(4.6)* 



small inhbtion 
larger wth SMB 
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TABLE NO. 2 COntd 
Compound 

no. Receptor ^H-NMS ACh ^H-ACh Off -race GTP SMB 



124 


ml 












m2 




- 


- 






m3 


++ 


0 








m4 


++ 








125 


ml 


m m 










m2 


- 


- 


- 






m3 












m4 


(-) 








126 


ml 


0 


0 








m2 






0 




• 


m3 


(-) 


(-) 








m4 


o 


(• ) 






129 


ml 












m2 












m3 


™ ■ 


- - 








m4 










130 


ml 


m 






4 7 




m2 


+ «f 


- 




4.7 




m3 








4.5 




m4 


0 






4 8 


131 


ml 


0 


0 




3 . 7* 




. m2 


0 




0 


4.0* 




m3 


( - ) 


(-) 




3.8* 




m4 


(0) 


(-) 


{-) 


3 . 8 


132 


ml 








3.9 




m2 


+ 


- 


(-) 


3.8 




m3 


0 


(-) 




3.8 




m4 


( + ) 


(-) 


( - ) 


3 . 9 


133 


ml 


0 


o 




3 . 6 




m2 


( + > 




0 


3.3 




m3 


0 


0 




3.8 




m4 


+ 


0 


(-) 


3.5 


134 


ml 


0 


♦ 




4.6* 




m2 


(♦> 


(-) 


0 


4.8* 




m3 


(-) 


(0) 




4.4* 




m4 


(♦) 


(0) 


(0) 


4.5* 


135 


ml 


(--) 






5.6 




m2 


♦ 




+ 


5.5 




m3 








5.3 




m4 


♦ 






5.7 



pk=5 . 1 , a=7 
0 

pk-5.1, 0 
i = 0.1 
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TABLE NO 2 contd. 
Compound 



no. 



Receptor ^H-NMS ACh 3 H-ACh Off- race GTP 



136 


ml 


• 


. - 




3.2 




m2 


0 




0 


3.1 




ml 

11 iw 


/ . \ 
\ i 


(-) 








m4 


0 


0 


(-) 


3.4 


137 


ml 


( - > 


( - ) 




3.0 




m2 


( ♦ ) 


!"! 


0 


2.7 












j . b 




m4 


(♦) 


(-) 


(-) 


3.1 


158 


ml 


( • ) 


( - ) 








m2 






(-) 






m3 


(-> 


(0) 








m4 


(-) 




(-) 




159 


ml 


( - ) 


( - ) 








m2 






(-) 






m3 


(-") 


(-) 








m4 


(-) 


(-) 


(-) 




164 


ml 








4.5 




m2 


• 


- 


* 


4.4 




m3 








a n 
*t » u 




m4 


- 


- 




4.3 


165 


ml 








3.7 




m2 


• - 


- - 








m3 








4 4 




m4 








4.2 


168 


ml 








5.0 




m2 


+ 


■ 


- 


4.7 




m3 








4 1 




m4 


• 


- 


- 


4.8 


169 


ml 




(-) 


(-) 






m2 


(♦) 


(-) 


(-) 


(-) 




m3 


0 


0 




(3.9) 




m4 


(*) 


0 


0 


(-) 


170 


ml 




(-) 




3.8 




m2 


(*) 


(-) 


0 


(3.5) 




m3 


♦ 


0 




4.2 




m4 




(-) 


(-) 


4.1 


171 


ml 


1+) 


(-) 




0 




m2 


(♦) 


(-) 


0 


0 




m3 


0 


0 




0 




m4 


M 


0 


0 


0 



SMB 
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TABLE NO. 2 contd. 



Compound 

no. Receptor 3 H-NMS ACh 



172 


ml 


0 


0 




m2 


0 


0 




ml 


A 

U 


u 




m4 


(-) 


<-) 


173 


ml 


(+) 


(+) 




m2 


0 


(-> 




ml 


u 


+ 




014 


(-) 


0 


174 


ml 


0 


0 




m2 








ml 


V 






m4 


(-) 


(-) 


182 


ml 


- 


- 




m2 








ml 


\ ' ) 


\ ) 




m4 






183 


ml 








m2 








ml 








m4 






184 


ml 








m2 








ml 








m4 






185 


ml 


0 


( + ) 




m2 


+ 


* 




ml 








m4 


+ 


0 


193 


ml 


- 


- 




m2 


(-) 


0 




m3 








m4 






201 


ml 








m2 








m3 








m4 






202 


ml 








m2 








m3 








m4 







3 H-ACh Off -rate GTP SMB 



0 

(-) 

0 

0 0 
0 

(-) 0 



0 

(-) 

(4.7) 
(4.5) 
(4.2) 
(4.5) 

4.4 
4.8 
3.8 
4.6 

4.0 
4.0 
3.6 
4.1 

(4.3) 
(4.6) 
(4.4) 
(4.5) 

<5 

0 <5 
<5 
<5 
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TABLE NO. 2 contd. 



Compound 

no. Receptor 3 H-NMS 



203 


ml 


* • 




m2 






m3 






m4 




204 


ml 






m2 






m3 






m4 




205 


ml 






m2 


+ 




m3 






m4 




206 


ml 






m2 


- 




m3 


• 




m4 




207 


ml 






m2 


• • 




m3 






m4 




246 


ml 


• - 




m2 






m3 






m4 




247 


ml 






m2 






m3 


( - ) 




m4 


♦+ 


248 


ml 


(♦) 




m2 


0 




tn3 


0 




M4 


0 


249 


ml 






m2 






m3 






m4 




404 


ml 


♦ 




m2 


+ 




m3 


+ 




m4 





ACh 3 H-ACh Off -rate GTP SMB 



4.4 
(4.7) 
4.2 
4.6 

4.9 
5.2 
4.3 
4.3 

4.2 

4.0 

(3.9) 

(4.3) 

4.3 







3.6 






3.7 






3.7 






4.0 


0 




(4.7) 


(-) 


(-) 


(4.4) 


(-) 




(4.3) 






(5.6) 






(4.6) 




0 


(4.5) 






(4.6) 


♦ ♦ 




(4.6) 






(4.6) 






(4.2) 






(4.6) 






(4.4) 






5.2 




0 


S.7 






5.2 


+ 




5.9 
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TABLE NO. 2a 

Compound SECONDARY ASSAY 



no. 


Receptor 


pK 


iNMS 


iACI 


101 


ml 


7.2 


0.007 


0 




m2 










m3 










m4 








106 


ml 










m2 










m3 


4.0 


3.8 


3.9 




m4 








121 


ml 


7.4 


0 


0 




m2 










m3 










m4 








123 


ml 


3.6 


3 


0 




m2 










m3 










m4 








124 


ml 


5.1 


1.2 


0.4 




m2 










m3 










m4 








134 


ml 


3 . 5 


0 


4 . 7 




m2 










m3 










m4 








135 


ml 


5.6 


0.9 


0.2 




m2 


5.2 


0.6 with 


4.9 








3 H-P?? 






m3 


5.1 


1.7 


0.3 




m4 








173 


ml 


I 








m2 










m3 


I 








m4 
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. TABLE NO. 3 
Compound 

no. Receptor 3 H-NMS ACh ^H-ACh Off- race GTP SMB 



0*\ 1 

2 X X 


ml 










IT12 










m3 


(-) 


{-) 






m4 








2 12 












mO 
Iu2 










m3 


_ 








m4 




- 




222 


ml 

all 










IT\2 










m3 










m4 




- 




O ^ 1 
2 2 J 


nil 


(♦) 




(4.6) 




nu 


4- 




(4.4) 




m3 






(3.7) 




m4 


0 


- 


5.7 




ml 


+ 




5 . 5 




IH2 


0 




5 . 5 




m3 


+ 




5.7 




m4 


0 


• 


5.7 


one 
225 


ml 




■ 


4 . 9 




m2 






5 . 0 




m3 




(-) 


5.3 




m4 


0 


- 


5.5 


o *> c 
22 6 


mi 


/ A \ 




15.3 




Iu2 






/ c o \ 




m3 


+ 




(5.5) 




m4 


♦ 


- 


(5.5) 


22 / 


ml 

nu 






( A C\ 




iu2 






1 4 . o / 




m i 

uU 






/ * A \ 




m4 






(4.5) 


228 


ml 






(5.0) 




m2 






(5.4) 




m3 






(4.6) 




m4 






(5.1) 


229 


ml 






5.2 




m2 






4.5 




m3 






4.3 




m4 






5.0 
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TABLE NO. 3 contd. 
Compound 

no. Receptor 3 H-NMS ACh 3 H -ACh Off -race GTP SMB 



.307 


ml 


(♦) 


- 




(5.4) 






■f 


- 


- 


(5.2) 




m3 


+ 






(5.4) 




m4 


+ 








308 


ml 


- 


_ 




(4.6) 




m2 


- 


- 


- 


(5.0) 




rru 








(4.5) 




m4 




M - 


m 


(4.7) 


314 


ml 


- 


• 


- 






m2 






M - 


- 






( " ) 


(") 








m4 




(♦) - 






315 


ml 


- 


- 


• 






m2 


- 


(+) - 


- 


_ 




m3 












m4 










316 


ml 








(4.5) 




m2 








(4.8) 




m3 




0 




(4.2) 




m4 








(4.4) 


317 


ml 








4.4 




m2 








4.6 




m3 








3.6 




m4 








(4.5) 



322 ml - - (4.5) 

m2 0 - - . (4.9) 

m3 - (4.4) 

m4 (4.7) 

325 ml -- 6.0 

m2 -- -- 6.2 

m3 -- -- (5.5) 

m4 -- -- 6.0 



330 



ml 
m2 
m3 
m4 



(5.2) 
(5.4) 
(5.3) 
(5.2) 



331 



ml 
m2 
m3 
m4 



0 
0 
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TABLE NO. 3 contd. 
Compound 

no. Receptor 3H-NMS ACh ^H-ACh Off-rate GTP SMB 



333 


ml 


- 


- 




5.3 




m2 


(-) 


- 


- 


.5.1 




m3 


\ ▼ i 










m4 


( + ) - 






5.4 


334 


ml 


- 


- 








Rl2 


• 


- 


- 






ml 












m4 


• 


- 


- 




335 


ml 


- 


- 




4.5 




m2 


(-) 


- 




4.8 




m3 


- 


- 




(3.7) 




rviA 
Ill's 










344 


ml 


M - 


- 




5.5 




m2 


+ - 


- 


- 


5.6 




m3 


- 


- 




4.9 




mm A 


+ - 








381 


ml 


0 


- 




(4.7) 




m2 


(-) 


- 


- 


(4.2 




m3 


- 


- 




(6.3) 












ma yc = 7 n 




m4 


•f 


- 


- 


(4.7) 


382 


ml 


(-) 


(-) 








m2 


(-) 


(-) 


(-.) 






ml 












Rl4 


(•) 




- 




390 


ml 


- 






4.5 




m2 


0 


- - 


— 


(4.2) 




ml 








(3.5) 




m4 


- 






(3.9) 


391 


ml 








5.7 




m2 








5.6 




m3 








4.8 




tn4 








5.5 


394 


ml 








4.7 




m2 


+ 






5.6 




m3 








4.4 




m4 


♦ 






5.1 


396 


ml 


+ 






5.1 




ml 


+ 






5.3 




m3 


+ 






4.7 




m4 


+ 






5.1 
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TABLE NO, 3 contd. 
Compound 



no. 



Receptor 3 H-NMS ACh 3 H-ACh Off -rate GTP SMB 



397 


ml 






5.1 




m2 


+ 




6.0 




m3 






4.5 




m4 


( - - 


) 


5.4 


398 


ml 


_ 




4.5 




m2 


(•) 




4.3 




m3 






(3.8) 




m4 


0 




4.4 


402 


ml 


+ 




6.1 




m2 






6 . 0. 




m3 


0 ( - 


- ) 


5.2 




m4 


+ 




6.0 


403 


ml 


_ 




5.7 




m2 






6.1 




m3 






4 .8 




m4 


+ 




5.7 


405 


ml 










m2 


- 








m3 










m4 


- 




- 


438 


ml 










m2 






0 




m3 










m4 








439 


ml 


m 




_ 




m2 


m 








m3 


- 




- 




m4 








TABLE NO. 


3a 








Compound 








SECONDARY ASSAY 


no. 


Receptor 




pK 


aNMS aACh 


227 


ml 




5.7 


0.1 0.3 




m2 










m3 




5.2 


0.4 1.2 




m4 








228 


ml 




5.2 


0.1 0.6 




m2 










m3 










m4 









pk=6.1i.02 
a=»0.003±.002 
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M&C FOLIO: 230P70859/FP- 9414 WANGDOC: 1011D 

Claims 

1. A method of regulating receptor response in vivo in 
a mammalian subject, said receptor being selected from 
ml, m2, m3, m4, m5, Ml, M2, M3, M4 and MS muscarinic 
receptors, comprising the step of administering to said 
subject an effective amount of a selective allosteric 
effector to regulate said receptor. 

2. A method according to claim 1, wherein the receptors 
for regulation are the ml, m2, m3 and m4 receptors. 

3. A method according to claim 1, wherein the receptor 
for regulation is the ml receptor. 

4. A method according to any preceding claim, wherein 
the effector exhibits positive cooperativity with 
acetylcholine at the receptor. 

5. A compound of formula (I): 




(I) 



{wherein the dashed lines independently indicate the 
presence or absence of a carbon- carbon bond; 

R 1 and R 2 are the same or different and, where the 
dashed line indicates a carbon -carbon bond, may each 
represent a hydrogen atom, a hydroxy group, a lower 
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alkoxy group, an amino group, an amino group substituted 
with one or two lower alkyl groups, a nitroso group, a 
nitro group, a carboxyl group, a carbamoyl group or a 
carbamoyl group substituted with one or two lower alkyl 
groups , 

or, where the dashed line indicates no bond, then 
one of R 1 and R 2 represents a keto group and the 
other represents a keto group or two hydrogen atoms; 

R 3 represents a hydrogen atom, a hydroxy group or a 
lower alkoxy group; 

R 4 represents a hydrogen atom or an amino-protecting 
group, such as a lower carboxyl ic acyl group; 

R 5 represents a hydrogen atom or a lower carboxylic 
acyl group; 

R 6 represents a hydrogen atom; 

R 7 represents a hydrogen atom or, together with R, 
represents a lower alkylene group; 

or 

R, together with R 6 , represents a lower alkylene group 
substituted with a hydroxy -loweralkenyl group; 

or 

R, together with R 5 and R 6 , represents a group of 
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in which R represents a hydroxy imino group or two 
hydrogen atoms, and R' represents a carboxy- 
protecting group; 

or 

R, together with R 4 , R 5 and R 6 , represents a group 
of formula (i) : 



ft 10 
in which R is as defined above and R 

represents a keto group or two hydrogen atoms; 

R 9 represents a hydroxy group, an amino group, an 
amino group substituted with one or two lower alkyl 
groups, an aryl-carboxylic acyl group optionally 
substituted with one or more substituents selected from 
Substituents (a) below, or an alkyl group, an alkenyl 
group or alkynyl .group which is straight or branched and 
which is optionally substituted with a substituent 
selected from: 

sulfonyl groups, carboxyl groups, cyano groups, 
cycloalkyl groups, heteroaryl groups having from 5 
to 10 ring atoms, 1 to 3 of which are selected from 
0, S and N, aryl and biaryl groups having from 1 to 
13 carbon atoms and which may be further substituted 
with one or more substituents selected from 
Substituents (a) below; 

n=0 or 1; 

Substituents (a) : halo, hydroxy, amino, nitro, azido 
and cyano groups; 
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or, 

when the compound of formula (I) is a Wieland-Gumlich 
aldehyde (in which R 4 represents a hydrogen atom and 
R 5 represents a CHO group) , a dimer thereof wherein 
the substituent R 4 from each monomer forms, together 
with the substituent R 5 from the other monomer, a 
methenylene link; 

and pharmaceutical^ acceptable salts and esters thereof] 
in therapy. 

6 . A compound according to claim 5 in the form of a 
Wieland-Gumlich aldehyde and wherein R 7 is a hydrogen 
atom. 

7. A compound according to claim 5 or 6, wherein the 
group represented by R 6 and R is an ethylene group and 
the hydroxy- loweralkenyl group is 2- hydroxy- 1-ethenyl 
spaced apart from R 5 by two carbon atoms. 

8. A compound according to any of claims 5 to 7, 
wherein R 4 , R 5 , R 6 and R represent a group of the 
formula (i) . 

Q 

9. A compound according to claim 8, wherein R 
represents two hydrogen atoms and R 10 represents a 
keto group. 

10. A compound according to any of claims 5 to 9, 
wherein the dashed lines both represent carbon- carbon 
bonds . 

11. A compound according to any of claims 5 to 10, 
wherein any lower alkyl, lower alkenyl, lower alkoxy, 
lower alkylene and lower alkenylene have from 1 to 4 
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carbon atoms. 

12. A compound according to claim 11, wherein any lower 
alkyl, lower alkenyl, lower alkoxy, lower alkylene and 
lower alkenylene have from 1 to 3 carbon atoms. 

13. A compound according to any of claims 5 to 12, 
wherein any lower alkyl groups are ethyl or methyl 
groups . 

14. A compound according to any of claims 5 to 12, 
wherein any lower alkyl groups are methyl groups. 

15. A compound according to any of claims 5 to 12, 
wherein any lower alkoxy groups are methoxy groups. 

16. A compound according to any of claims 5 to 15, 
wherein any alkyl, akenyl or alkynyl group not specified 
as being "lower" has from 1 to 10 carbon atoms. 

17. A compound according to claim. 16, wherein any alkyl, 
akenyl or alkynyl group not specified as being "lower" 
has from 1 to 6 carbon atoms. 

18. A compound according to any of claims 5 to 17, 
wherein R 2 is lower- alkoxy , hydrogen or hydroxy. When 
R 2 is lower -alkoxy, then we prefer that it should be 
methoxy. 

2 

19. A compound according to claim 18, wherein when R 
is lower-alkoxy then it is methoxy. 

20. A compound according to any of claims 5 to 19, 

T 2 

wherein R is as defined for R in either of claims 
18 or 19, and may be the same or different. 

21. A compound according to claim 20, wherein R 1 and 
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r are the same and are both hydrogen or methoxy. 
22. The use of compounds of formula (II): 




(ID 



[wherein the dashed lines optionally represent an 
additional carbon- carbon bond, provided that both do not 
represent additional carbon- carbon bonds; 

r 11 , r 12 and R 13 are the same or different and 
each represents a hydrogen atom, a hydroxy group, a 
carbamoyl group, a carbamoyl group substituted with one 
or two lower alkyl groups, a lower- alkoxy group, an 
aralkoxy group in which the aryl part has from 6 to 10 
carbon atoms and the alkyl is a lower alkyl or an 
aryloxy group in which the aryl group has from 6 to 10 
carbon atoms; 

R 14 represents a carboxy group, a carbamoyl group, a 

carbamoyl group substituted with one or two lower alkyl 

groups, or R 14 represents a group of formula 

-NR 16 R 17 wherein R 16 and R 17 are the same or 

different and each represents a hydrogen atom, a 

hydroxyalkyl group, a lower alkyl group optionally 

substituted by one or more substituents (a) as defined 

16 

in claim 5, a carboxy- loweralkyl group, or R and 
R 17 together represent an akylene group having from 3 
to 6 carbon atoms and which may be substituted by ^ 
substituents (a) as defined in claim 5, or one of R 
and R 17 represents a hydrogen atom and the other 
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represents an imino-loweralkyl group, a lower- alkoxy 
group, an aralkoxy group in which the aryl part has from 
6 to 10 carbon atoms and the alkyl part is a lower 
alkyl, an aryloxy group in which the aryl group has from 
6 to 10 carbon atoms, the above aryl parts being 
optionally substituted with one or more substituents 
selected from substituents (a) as defined in claim 5, 

R 15 represents a hydrogen atom, a lower alkyl group, 
an aryl group having from 6 to 10 carbon atoms, or an 
aralkyl group in which the aryl part has from 6 to 10 
carbon atoms and the alkyl part is a lower alkyl; 

and salts and esters thereof; including thioesters] 
in therapy, 

23. A compound according to claim 22, wherein m is 2, 3 
or 4, and is particularly preferably 3* 

24. A compound according to claim 22, wherein m is 3. 

25. A compound according to any of claims 22 to 24, 
wherein R 15 is a hydrogen atom. 

26. A compound according to any of claims 22 to 25, 
wherein R 11 represents a hydrogen atom or a hydroxy 
group. 

27. A compound according to any of claims 22 to 26, 
wherein R 12 and R 13 both represent hydrogen atoms. 

28. A compound according to any of claims 22 to 26, 
wherein one of R 12 and R 13 represents a hydroxy or a 
methoxy group and the other represents a hydrogen atom 
or a hydroxy or methoxy group respectively. 
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29. The use of compounds of formula (III): 




(III) 



[wherein p+q«=2, 3, or 4 or C -N-R AO is only attached 
to the remainder of the molecule by C q and p=0; 

rings containing dashed lines are saturated, partially 
unsaturated or completely unsaturated; 

r 18 represents a hydrogen atom, a lower -alkoxycarbonyl 
group or an aralkoxy group in which the aryl part has 
from 6 to 10 carbon atoms and the alkyl part is a lower 
alkyl and the aryl part is optionally substituted with 
one or more substituents selected from substituents (a) 
as defined in claim 5; 

R 19 and R 20 are the same or different and each 
represents a hydrogen atom, a lower alkoxy group or a 
hydroxy group; 

A represents =CH-, -CH 2 ~ , -0- or -NH-; 
and salts and esters thereof] 
in therapy. 

30. A compound according to claim 29, wherein p+q=3 . 

31 • A compound according to claim 29 or 30, wherein 
R 19 and R 20 are as defined for for R 1 and R 2 and 
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R 12 and R 13 in any preceding claim. 

32. A compound according to any of claims 29 to 31, 
wherein A represents -CH- or -CH 2 -. 

33. The use of compounds of formula (IV): 

Riga 



(IV) 




[wherein the dashed ring indicates unsaturation, 
saturation, or partial unsaturation, and the dashed line 
represents an optional extra carbon- carbon bond; 

R 18a , R 19a and R 20a have the same meanings as for 
R 18 , R 19 and R 20 in any preceding claim, 
respectively; 

r 21 represents a hydrogen atom or a group of formula 
-C(0) r -A' -CH 2 -Z in which r=0 or 1, A' is - CH 2 - , 
-0- or -NH- and Z is a vinyl or ethynyl group; 

and salts and esters thereof] 

in therapy. 

34. A compound according to claim 33, wherein the 
substituents are as defined for the substituents in any 
of laims 29 to 32. 

35. A compound according to claim 33 or 34, wherein, in 

21 

the substituents R , r»l. 
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36. The use of a compound according to any preceding 
claim in the manufacture of a medicament for the 
treatment of a condition responsive to allosteric 
stimulation of muscarinic receptors. 

37. Use according to claim 36 wherein the condition is 
dementia. 

38. Use according to claim 36 wherein the condition is 
senile dementia. 

39. Use according to claim 36 wherein the condition is 
Alzheimer's Disease. 

40. A compound according to any of claims 1 to 35, for, 
use as sedatives for the CNS. 

41. The use of a compound according to any of claims 1 
to 35 in the treatment of the following conditions: 

Alzheimer's Disease; 

Parkinson's Disease; 

Motion sickness; 

Huntingdon's chorea; 

Schizophrenia; 

Depression; 

Anxiety; 

Sedation; 

Analgesia; 

Stroke; 

Preanesthetic; 
Ant i spasmodic- 
Irritable Bowel Syndrome; 
Bladder - incontinence, retention; 
Peptic ulcer disease; 

Bronchitis/asthma/cronic obstructive airways disease; 
Sinus bradycardia; 
Pacemaker regulation; 
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Glaucoma; 
Achalasia; 

Symptomatic diffuse oesophageal spasm 

Biliary dyskinesia; 

Scleroderma; 

Diabetes mellitus; 

Lower oesophageal incompetence; 

Intestinal pseudo obstruction; 

Regulation of sleep; 

Control of pupil diameter; and/or 

Non- ulcer dyspepsia. 
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